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AN ABSTRACT OF THE SCIENTIFIC EXHIBIT 
URINE AND THE GROUND SUBSTANCE 
By Joseph Seifter, M.D.; A. H. Butt, M.D.; and E. A. Hauser, Ph.D. 


Shown at the Annual Convention of the American Medical Association 
New York City, June I to 5, 1953 


Properties common to both urine and the ground 
substance of tissues were the subject of this exhilit. 
These common properties provide the basis for an 
understanding of a possible mechanism of action for 
hyaluronidase* in the management of renal lithiasis. 


What Is Ground Substance? 

The ground substance ts the mucoid cement 
material present between the cells and fibrils of 
the mesenchyme... The ground substance 1s 
practically everywhere in the body in the same 
way as mortar is present between the bricks of a 
house. The ground substance ts both a barrier 
protecting cells from dangerous outside agencies 
and a conductor making available to cells the 
metabolites indispensable for cell life and remov- 
ing waste products.” 

Significance of the Resemblance of Some of the 
Properties of Urine to Those of Ground Substance 

“The mucopolysaccharide hyaluronic acid ts 
a characteristic component of ground substance 
and is largely responsible for [its] state of vis- 
cosity... As a result of our studies on ground 
substance, we have come to look upon ground 
substance, not as an inert barrier, but as a dy- 
namic material which participates in the spread- 


ing and transportof materials between cells. This 
spreading and transport activity is always en- 
hanced by hyaluronidase and almost always inhib- 
ited or delayed by stress, ACTH and cortisone. 

“Hyaluronic acid seems to play the same role 
in urine as it does in intracellular spaces in 
making possible the transport of metabolites and 
inorganic tons for elimination, Without the ‘pro- 
tective colloid and dispersing action of hyaluronic 
acid, precipitation and crystallization occur. 

“The most critical role played by hyaluronic 
acid is probably in the tubules where a tremend- 
ous concentration of urine is occurring and 
where precipitation in the absence of ‘protective 
colloid? should occur in accordance with von 
Weimarn’s law. 

“The subcutaneous administration of an ade- 
quate dose of hyaluronidase results in an increase 
of ‘protective colloids’ the urine. This is 
associated with an increase in total reducing 
substances and in glucuronic acid...” 

“On the other hand, stress or the administra- 
tion of cortisone or ACTH results in erystalluria 
that is indicative of suppression of “protective 


colloid’ action...” 


Summary of Results Following Administration of Hyaluronidase for Renal Lithiasis 


Stone Formation Stone Formation Stones Smaller Stone Formation 
Group Controlled Slowed and Less Dense Not Controlled 
A—15 Cases 9(60.00%) 3(20.00%) 1(6.67%) 2(13.33%) 
Primaryt Stones 
B—21 Cases 1(33.33%) 1(33.33%) 1(4.77%) 6(28.57%) 
Secondary Stones 


*The only hyaluronidase used in the study reported in this exhibit was the Wyeth brand, 


Wypase®. 


tNo associated infection or mechanical obstruction. All other stones are considered 


secondary. 
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- Or, your choice of 
many other combin- 
ations of phenomena 


*TWIN-BEAM Phonocardiograms 
aré fully detailed recordings of ALL of the 
heart sounds and murmurs present. The location, pitch, duration, 
and intensity of a murmur are reproduced with the same 


completeness of detail as are the auricular, first and 


second sounds of the normal record shown above. 


**TWIN-BEAM Electrocardiograms 
show ALL complexes in small animal ’cardiograms 
(such as taken on a mouse) clearly and accurately. 
This new, high deflection speed also permits added accuracy in 
research and clinical human ’cardiography. 


PLUS Electrical Auscultation 
Cardiac sounds and murmurs are heard with the 
TWIN-BEAM exactly as with an acoustic stethoscope. 


TWIN-BEAM CARDIETTE 


For descriptive literature and a complete outline of these and 
many other advantages for the TWIN-BEAM user, address 


co. Cambridge 39, Mass. 
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Each gram contains: 


Cortisone Acetate... .. 15 mg. 
Neomycin Sulfate... ome. 


(equivalent to 3.5 mg. neomycin base) 


Available in | drachm tubes with 


applicator tip 


The Upjohn Company, Kalamazoo, Michigan 


Upjohn 


cortisone 

for inflammation, 
neomycin 

for infection: 


Neosone 
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In hypertension- 


resoline’ 


HY DROCHLORIDE 


BA 


Over 80 per cent of hypertensive patients can experi- 
ence some benefit from Apresoline therapy if the 
following points are kept in mind: 


1. The initial doses of Apresoline should be small (10 mg. 
after meals and at bedtime) and increased gradually 
over a period of weeks. 


2. The dosage schedule should be adjusted to the indi- 
vidual response. It may take 8 weeks or more to realize 
optimal benefits. 


3. Too much, too soon may lead to unnecessary side 
effects. Too little for too short a time may deny clinical 
benefits to some patients. 


It is usually advisable to inform the patient that some 
secondary effects (e.g., headache) may occur at the start 
of therapy but that they almost always disappear as 
treatment is continued. 


When secondary effects occur, they can often be man- 
aged by symptomatic treatment with antihistamines 
(e.g., Pyribenzamine,” tripelennamine Ciba), aspirin, 
barbiturates, etc. 

Supplied: /i/)/ets, 10 mg. (yellow, double-scored); 25 mg. 
(blue, coated); 50 mg. (pink, coated). Bottles of 100, 
500 and 1000. 

Ampuls, 1 cc. (20 mg. per cc.). Cartons of 5. 
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in the successful management of epilepsy... 


DILANTIN 


a most effective and widely 


used anticonvulsant 


In grand mal, psychomotor seizures, Jack- 
sonian epilepsy and focal convulsions, 
DILANTIN is a therapy of choice." It “offers 
the special advantage of . . . 
specificity for the motor cor- 
tex... without producing 
dullness of apprehension, 
lethargy, and lassitude. . . .”? 


DILANTIN “, , . is particularly 
adapted for use in combina- 
tion... and“... produces a 
spectacular result in grand mal attacks, 
particularly when combined with pheno- 
barbital... 


DILANTIN Sodium (diphenylhydantoin sodium, 
Parke-Davis) is supplied in Kapseals® of 0.03 Gm, 
(% gr.) and 0.1 Gm. (1% gr.) in bottles of 100 
and 1000. 


(1) Krantz, J. C., and Carr, C. J.: The Pharmacologic 
Principles of Medical Practice, Baltimore, The Wil 
liams & Wilkins Company, 1949 ( Reprinted 1950), p. 
518. (2) ibid, p. 515. (3) Carter, S.: Epilepsy, in Conn, 
H. F.: Current Therapy 1952, Philadelphia, W. B. 
Saunders Company, 1952, p. 612. (4) Salter, W. T.: A 
Textbook of Pharmacology, Philadelphia, W. B. Saun- 
ders Company, 1952, p- 231. 
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Prevent the Pain of 


Angina Pectoris 


The vasodilating action of ‘Paveril Phosphate’ 


helps to prevent, as well as control, pain associated 
with angina pectoris. Vascular spasm associated 
with coronary occlusion, peripheral or pulmonary 


embolism, and peripheral vascular disease is usu- 


ally readily controlled. Although similar in action 


to papaverine, ‘Paveril Phosphate’ is safer and is 
pay} I 


distinguished by fewer side-effects. It is non-nar- 


cotic. Detailed literature is available. 


Eli Lilly and Company 
Indianapolis 6, Indiana, U.S.A. 
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LOBAR ALVEOLAR GAS CONCENTRATIONS: EFFECT OF BODY 
POSITION ! 


By C. J. MARTIN, FRANK CLINE. Jr., 


And HELEN MARSHALL 


(From the Department of Physiology, Firland Sanatorium and the Department of Medicine, 
University of Washington, Seattle, Washington) 


(Submitted for publication November 3, 1952; accepted March 11, 1953) 


The concept that the composition of alveolar air 
may vary in space and time has occupied the at- 
tention of many investigators. Changes in ventila- 
tion and/or perfusion may alter the alveolar gas 
The first published 
work on unequal ventilation in the lungs is usually 
attributed to Grehant in 1864. 
(1-5) have involved measuring the concentration 


composition in normal lungs, 
Recent studies 


of a given gas in the expired air sampled at mouth 
level. Variation in gas concentration in the alveo- 
lar portion of expiration has been used as evidence 
The 


probability of unequal pulmonary blood flow has 


for unequal intrapulmonary gas distribution, 


been discussed (6-8). 

The purpose of the present study is to (7) 
measure simultaneously the end-expiratory alveo- 
lar gas concentration within the lobar bronchus 
of the right upper lobe and the right lower lobe 
(or segments of the same), and (2) determine the 
effect of body position upon these concentrations. 


METHODS 
Subjects were normal volunteers or patients with nor- 


mal lungs. 


21 and 35 years. 


All were ambulant and between the ages of 


Distribution between the sexes was 


approximately equal. Under basal conditions, the sub 
ject was given a barbiturate, 0.1 gm. by mouth, and all 
but three subjects were given atropine sulphate, 0.41 
mgm., subcutaneously thirty to forty minutes before the 
experiment. The larynx and pharynx were anesthetized 
with cocaine (5 per cent) in epinephrine (1: 4000) as 
for routine bronchospirometry. A number 16 urethral 
catheter, from which the distal 4 em. had been ampu- 
tated, was introduced through the mouth into the trachea. 
Two radio-opaque poly-vinyl catheters (2 mm. OD, 1 mm 
ID, 70 cm. long) were introduced through this catheter. 
A wire guide filling the lumen of each poly-vinyl catheter 
provided better control of the distal tip. The right upper 
its distal 
After the 


lobe catheter had an degree curvature in 


portion, beginning within 2 em. of the tip 

1 This investigation was supported in part by a research 
grant National Institutes of Health, Public 
Health Service, in part by a grant from the Firland Health 
Grads. 


from. the 


small catheters were in the trachea, the urethral catheter 
was removed and the subject was placed on the fluoro- 
table. Under 
catheter was guided into the selected lobar bronchus and 


scopic direct fluoroscopic vision, each 


the wire guide removed. After the subject was in post- 
tion for approximately 15 to 20 minutes the first samples 
were taken. The subject was in each subsequent position 
5 to 20 minutes before further samples were taken. Si 
multaneous samples from the right upper and right lower 
lobe bronchi were taken in pre-evacuated mercury sam- 
pling tubes (9), so constructed that the dead space of 
the catheter and tube could be cleared before the sample 
was taken. Gas was analyzed in duplicate in a Scho 
lander 0.5 ce. gas analyzer. Samples were taken in the last 
one-third of expiration or in the expiratory pause. If 
either of two observers questioned the timing, the sam 
ples were discarded. The volume of each sample seldom 
exceeded 6 ce. 

Samples were taken with the subject in the horizontal 
position, in 10 to 30 degrees Trendelenburg and upright. 
A motor driven fluoroscopic tilt table was used to change 
position. Sequence of positions used was varied. At 
the termination of the procedure approximately 1 ec. of 


contrast mixture was instilled through each catheter and 


roentgenograms were taken to localize the tip of the 
catheter 
RESULTS 
Results in 13 of 21 subjects are presented in 


Table I. 


upper lobe orifice in five subjects. 


We were unable to catheterize the right 
Two others 
experienced syncope when upright and are not in- 
cluded. One male subject had an abnormal re- 
This 


was, in effect, a breath-holding experiment which 


spiratory rhythm with an inspiratory pause, 


is being studied further. 

Kighteen simultaneous right upper and right 
lower lobe gas samples were obtained from 11 
upright subjects (Table 1). In each instance the 
end-expiratory oxygen concentration from the right 
upper lobe was higher than that from the right 


lower lobe. The mean oxygen difference was 
2.136 Vol. per cent which is statistically significant 
by the paired samples method (P< 


expiratory carbon dioxide concentration was higher 
from the right lower than the right upper lobe by 
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TABLE I 


Simultaneous upper and lower lobe alveolar aur values in upright, horizontal and Trendelenburg positions 


Upright Horizontal frendelenburg 


‘ 
Subject Barom- Catheter Volum Volume Volume Minutes in 
eter ht q Trendel. 
supine 
= betore betore 
betore 
Oz CO sample O» sample Q CO sample 


| mm He 


J. K. | 729.5 RUL (13.00 4.72 | 0.54 | 12.36 | 4.43 ; 0.46 t 
(10.74 5.10 | 0.44 3 14.98 4.25 0.66 15 
BoE. | 74140. RUL |18.74 | 1.77 | 0.78 17.69 3.08 0.95 16.18 3.60 | 0.72 
RLL (17.79 | 2.30 | 0.69 7.0 18.37 | 2.80 | 1.14 10 18.08 3.06, 1.11 5 
17389 RUL (13.87 | 5.10 0.68 15.61 4.60 0.84 14.19 | 5.21 | 0.73 
RELL t 40 15.64 4.73 | 0.88 15 15.37 | 4.64 | 0.80 5 


730.0 RUL 18.08 | 2.35 | 0.80 


14 
RELL 16.86) 3.11 0.73 16.0 14 15 16.17 | 4.19 | 0.86 | 10 


768.7 RUL 13.63 5.13. 0.65 | 9.26, 5.94 | 0.45 10.90 5.84 0.53 
RELL {11.28 | 5.50 | 0.51 5 11.52} 5.69 | 0.55 11 9.72 | 5.95 | 0.47 6 
RUL |13.88 | 5.31 | 0.71 
RELI. (10.68 | 6.13 0.54 14 | 


BW. | 744.57) RUL [14.42 | 4.85 | 0.70 13.02 5.36 | 0.63 | 13.09 5 0.66 
RII 12.56 5.31. 0.58 15 13.20, 5.25 0.63 15 12.23 5.55. 0.58 12 
14.54 | 4.87 | 0.72 
RL 12.58 | 5.4 0.60 


W.R. | 745.5 RULE (14.97 | 4.24 | 0.67 14.35 4.37. 0.61 13.87 | 4.67 | 0.61 
RELL (12.45 | 4.95 | 0.53 7 14.86) 4.40) 0.68 14 14.93 4.26 | 0.66 5 
RUL (17.05 | 3.42 | 0.86 
1.38 | 0.63 


5.87 O.84 13.18) 5.3¢ 0.64 113.34 540 0.66 


> $08 0.65 15.80 | 3.68 | 0.67 | 
6 2.83 0.88 11 97 | 3:42 6 


90 | 1.05 
74.) 0.09 4 


S. B. 756.14) RUL |15.14 | 4.99 | 0.84 13.52) 5.38 0.68 | 
RELL 13.71.) 5.16 | 0.67 11 13.70) 5.14 | 0.66 6 
RUL {15.62 | 4.88 | 0.91 
RLL /|13.56 | 5.16 | 0.65 13 
752.63 | RUL |17.03 | 3.56 | 0.90 11.03} 5.32 | 0.48 + 
RLI 14.53 | 4.29 | 0.62 x 15.34| 4.44 | 0.76 12 
RUL |17.58 | 3.29 | 0.99 12.99 4.86 | 0.56 
RLL {14.83 | 4.18 | 0.64 | 18 15.45 | 3.75 | 0.64 31 
| | 
EON. | 758.21| RUL |14.73 | 3.81 | 0.56 | 1546 4.83 0.86 10.20. 4.77. 0.39 | 
Rk 12.70 | 4.25 | 0.46 5 16.06 4.66 0.95 10 13.34 | 4.48 | 0.54 15 
RI 14.97 | 3.98 | 0.62 14.31 | 4.31 | 0.60 
RI 12.71 | 4.55 | 0.50 7 15.45 | 4.16 | 0.72 13 


H.R. | 748.3 | RUL |18.20) 1.95 | 0.67 | 16.50, 4.09 0.91 t 
| RLL {16.17 | 3.13 | 0.61 | 6 15.93 4.36 | 5 
RUL /|17.55 | 3.18 | 0.94 | 16.37 | 4.06 | 0.87 | 
RLL (15.35 | 3.95 | 0.66 24 15.741 4.29 | 0.80 19 | 


AL 0.60 
05 | 0.77 6 


756.0 LUL (15.81 4.39 | 0.83 13.5 
LLL 14.23 5.00 | 0.70 7 14.82 


* Correction formula from Handbook of Respiratory Data in Aviation. 
¢ Samples not taken in this position. 

t Catheter plugged, no sample obtained. 

§ Sampling tubes broken. 

| All samples from the left, see text. 


‘ 

RLL | § 14 14.45 | 4.75 

15.1 

RUI 16.42 | 3.79 | 0.81 

| 17.22 | 1.52 | 0.36 12 

‘ 

5.53 0.89 23.0 14.64 5 
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a mean of 0.634 Vol. per cent. This is highly sig- 
nificant (P < .001). In each of the paired sam- 
ples the respiratory exchange ratio was higher in 
the right upper lobe bronchus. The mean differ- 
ence in R.Q. (correction formula for alveolar air 
from the ‘““Handbook of Respiratory Data in Avia- 
tion”) is 0.176 (P < .001). 

In the supine position (Table I) there were 17 
simultaneous upper and lower lobe determinations 
on 13 subjects. In each instance, excepting one 
subject (H. R.), the end-expiratory oxygen con- 
centration was higher in the right lower lobe than 
in the right upper lobe. The mean difference was 
1.106 Vol. per cent and is significant (P < .005). 
The end-expiratory carbon dioxide concentration 
was higher in the right upper lobe than in the 
right lower lobe by a mean of 0.416 Vol. per cent 
(P =0.02). The respiratory exchange ratio was 
lower in the upper lobe bronchus by a mean of 0.049 
(not statistically significant). 

There was no statistically significant difference 
between right upper lobe and right lower lobe 
end-expiratory gas concentrations in eight sub- 
jects in Trendelenburg position (Table I). End- 
expiratory oxygen concentration in the right lower 
lobe bronchus was higher than in the right upper 
lobe bronchus by a mean of 0.84 Vol. per cent 
(P < 0.10). End-expiratory carbon dioxide was 
higher in the lower lobe bronchus by a mean of 
0.22 Vol. per cent. The R.Q. was higher in the 


‘tight lower lobe bronchus by a mean of 0.104. 


Left upper lobe and left lower lobe end-expira- 
tory gas concentrations have been determined in 
one subject (Table I). This man had moderately 
advanced pulmonary tuberculosis on the right, 
with no evidence of disease in the left lung. These 
values are similar to those described above for the 
right lung. These results are not included in the 
statistical study. 

One subject (H. R.) when supine showed 
higher end-expiratory oxygen values in the up- 
per lobe than in the lower lobe. Carbon dioxide 
and R.Q. values were similarly opposite to those 
of other subjects in this position, This study 
was repeated after a two month interval at which 
time similar differences were obtained. We have 
no explanation for this deviation from the usual 
pattern in an apparently healthy woman. 

While precautions were taken to prevent con- 
tamination, these may have failed in some cases. 


Low carbon dioxide tensions may indicate inspira- 
tory contamination or hyperventilation. Hyper- 
ventilation was noted in some cases. However, 
in all cases the respiratory exchange ratio was 
higher in the upper lobe in the upright subject, an 
indication of a real difference between the two lobes 
in their ventilation-perfusion ratios. 

Independent statistical analysis by Dr. Paul T. 
Bruyere, National Institutes of Health, agrees with 
the preceding statistical values. Dr. Bruyere used 
the analysis of variance criteria and contributed 
further information on the above studies. “Com- 
parisons of successive determinations in the up- 
right position made on seven subjects reveal no 
significant trends. Total change between deter- 
minations, rate of change per minute, and rate of 
change related to number of minutes upright be- 
fore the first determination were all studied. Oxy- 
gen and carbon dioxide concentrations and re- 
spiratory quotient all showed small average in- 
creases, but the changes varied greatly from one 
subject to another. No significant relationship 
could be established between any one of the three 
measures of respiration (oxygen, carbon dioxide, 
and respiratory quotient) and any of the acces- 
sory factors recorded; pulse, respiration, catheter 
position, medication.” (The “catheter position” 
in Dr. Bruyere’s analysis refers to the position 
within the lobe and not to differences between 
lobes which did show statistical difference. ) 


DISCUSSION 


Others have obtained samples of alveolar air 
from the bronchi of human subjects. Loewy and 
Schrotter (10) (1905) used a catheter with an 
inflatable rubber cuff at its distal end, obtaining 
alveolar air in equilibrium with mixed venous 
blood. There was no ventilation of the lung area 
sampled. Birath (11) used small catheters which 
permitted lung ventilation. Samples were ob- 
tained from the trachea and lower lobe bronchi of 
tuberculous patients with pneumothorax. We are 
now studying the effect of collapse procedures on 
alveolar air concentrations. 

By directly measuring end-expiratory alveolar 
air from the lobar bronchi, we have shown regional 
differences to exist. These lobar differences can 
be markedly changed by body position. When 


each subject was upright, the carbon dioxide con- 
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centration was lower, the oxygen concentration 
was higher, and the R.Q. was higher in the right 
upper lobe than in the right lower lobe. These 
relationships were reversed in most subjects in 
the supine position. Whether this pattern is a 
result of ventilation and/or perfusion changes 
cannot be stated. 

“Spot” sampling of alveolar air has been criti- 
cized as being unable to describe a value which 
varies throughout a wide range. The numerical 
values given for lobar alveolar gas concentrations 
are not absolute but we believe simultaneous sam- 
pling from upper and lower lobe bronchi provide 
comparable values for one period (time) in the 
expiratory cycle. Our results show the effect of 
body position upon comparable samples from dif- 
ferent lobes (space). Rapid gas analyzers may 
solve this problem. 

Haldane, Meakins and Priestley (12), study- 
ing shallow breathing, felt that the recumbent posi- 
tion resulted in more unequal ventilation than the 
upright position. Rauwerda (5) shared this view. 
If unequal ventilation is the cause of the lobar dif- 
ferences in R.Q. observed in this study, we cannot 
agree with this conclusion. We found greater 
differences in alveolar gas concentrations between 
lobes in the upright than in the supine subject. 
Only by assuming a change in pulmonary per- 
fusion can these findings be consistent with more 
even ventilation in the upright subject. 

Roelsen (6) believed unequal pulmonary per- 
fusion as weil as unequal ventilation to be present 
in normal man. Rahn (7) and Riley and Cour- 
nand (8) assume the existence of unequal pul- 
monary blood flow as well as unequal pulmonary 
ventilation. Thus “mean” or “ideal” alveolar gas 
tensions, as defined by these authors, provide a 
value compatible with the quantitative aspects of 
gas exchange. Rahn has shown that “mean” al- 
veolar gas tensions and end-tidal air tensions meas- 
ured at mouth level are similar in normal man. 
End-tidal gas values from lobar bronchi suggest 
the magnitude of variation in ventilation-perfusion 
relationships which is being described by a single 
value. 

Dock’s (13) theory on the apical localization 
of adult pulmonary tuberculosis has been con- 
firmed in one respect. He believed that when man 
was upright, the pulmonary blood flow was de- 


creased in the upper portion of the lung as a re- 
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sult of low pulmonary arterial pressure. Hence 
there would be little gas exchange between the 
alveoli and blood in the apex of the lung and high 
oxygen tensions would exist. However, the work 
of Scott, Hanlon, and Olson (14) in monkeys sug- 
gests that pulmonary blood flow itself is not the 
major factor in this apical localization. Their 
monkeys with a systemic to pulmonary arterial 
anastomosis showed extensive caseous lesions on 
the side of the anastomosis. Similarly on the side 
of a ligated pulmonary artery the same type of 
lesion occurred. The opposite lung showed the 
miliary type of tuberculosis seen in control ani- 
mals. Rich and Follis (i5) have shown that the 
oxygen content of inspired air markedly influences 
tuberculous lesions in infected rabbits and guinea 
pigs. As the oxygen concentration was lowered 
below 12 Vol. per cent progressive inhibition of 
tuberculous lesions occurred. The experiments of 
Scott, Hanlon, and Olson suggest that the caseous 
changes observed in operated monkeys are re- 
lated to high oxygen tensions in the arterialized 
pulmonary tissue. In the present study we have 
shown that high oxygen tensions exist in the apex 
of the lung in the upright man. Differences such 
as we have described in the upper and lower lobe 
oxygen concentrations may favor the growth of 
the bacillus in the apex when man is upright. 
Similarly when the subject is on bed-rest with 
lowered oxygen tensions in the upper lobe, the 
bacillus is at a disadvantage for its oxidative needs. 


CONCLUSION 


1. Lobar differences in alveolar gas concentra- 
tions do exist. 

2. Body position affects lobar gas concentrations 
in the following manner : 


a) When upright, end-expiratory oxygen is 
higher and carbon dioxide is lower in the 
right upper lobe than in the right lower lobe. 
The R.Q. is higher in the right upper lobe. 

b) When supine, the end-expiratory oxygen is 
higher and the carbon dioxide concentration 
is lower in the right lower lobe than in the 
right upper lobe. The R.Q. shows no sig- 
nificant difference between the two lobes. 

Apparently ventilation-perfusion relation- 
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ships are not as greatly altered in this posi- 
tion as in the upright position. 

c) In the Trendelenburg position there is no 
statistically significant difference between 
the upper and lower lobe gas concentrations. 


3. A factor in the apical localization of adult 
pulmonary tuberculosis may be the higher oxygen 
tension in the upper lobe in the upright man. 
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THE EFFECTS OF THE CARBONIC ANHYDRASE INHIBITOR 
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INTRODUCTION 


The effects of oral administration of sulfanila- 
mide in man on acid-base metabolism have been 
reported previously (1, 2). Sulfanilamide pro- 
duces a transient increase in urine pH, CO, con- 
tent, sodium and potassium and a transient de- 
crease in urinary ammonia, These urinary changes 
are associated with a fall in the serum CO, con- 
tent and a rise in serum chloride. The inhibition 
of the enzyme carbonic anhydrase by sulfanilamide 
was described by Mann and Keilin (3). It is be- 
lieved that the effects of sulfanilamide on electro- 
lyte and acid-base balance are due to the inhibition 
of this enzyme in the cells of the renal tubules (4). 
In 1949, Schwartz (5) reported the diuretic effect 
of sulfanilamide in three patients with congestive 
heart faiiure. However, the toxicity of this drug 
appeared to limit its possible usefulness as a diu- 
retic agent. 

In 1950, Roblin and Clapp (6) described the 
preparation and properties of a series of hetero- 
cyclic sulfonamides. Their activity as potent in- 
hibitors of the enzyme carbonic anhydrase in vitro 
was further investigated and amplified by Miller, 
Dessert and Roblin (7). The present study con- 
cerns some of the effects of one of these compounds 
“6063” (Diamox ™*) (2 acetylamino-1,-3,4 thia- 
diazole-5-sulfonamide) on electrolyte and acid- 
base metabolism. 


METHODS 


Two male patients (W. B., age 32 and M. W., age 30), 
with neurological disease (muscular dystrophy and cere- 
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bral palsy) but without evidence of cardiac, renal or pul- 
monary disease were studied. In addition, two male pa- 
tients (W. M., age 52 and S. D., age 64) with long-standing 
pulmonary emphysema and well documented respiratory 
acidosis were also studied. The latter patients had no 
evidence of renal functional impairment; both had elec- 
trocardiographic evidence of cor pulmonale and had ex- 
hibited a mild degree of right-sided congestive failure in 
the past for which they had been digitalized. Neither 
had evidence of cardiac failure at the time of these 
studies. 

The subjects under investigation were placed on a con- 
stant diet containing 5 mEq. of sodium per day and re- 
ceived, in addition, 50 mEq. of sodium per day in the 
form of NaCl capsules. There was a constant daily in- 
take of protein, fat and carbohydrate. Water was per- 
mitted ad lib. Daily 24-hour urine specimens were col- 
lected under mineral oil with the use of a special funnel- 
like urinal designed to minimize the loss of gases. A 
small amount of thymol was used as a preservative and 
the urine collecting bottles were kept on ice at the pa- 
tients’ bedsides. Determinations were made daily of urine 
volume, specific gravity, pH, CO, (8), ammonia (9), 
chloride (10), sodium, potassium and phosphate (11). 
The CO, content of urine kept under the described con- 
ditions was found to be approximately 1 to 2 mM per L. 
lower than that of freshly voided acid urine. The CO, 
loss from alkaline urine was found to be negligible. De- 
terminations of blood pH, and plasma CO, content (8), 
chloride (10), sodium and potassium were performed at 
intervals as indicated in Figures 2, 4, 6, and 8. Urine 
and blood pH were determined with the Beckman pH 
meter Model G. The pH determinations were performed 
at room temperature (approximately 25°C.). The blood 
pH values were corrected to 37°C. by subtracting 0.014 
pH units per degree difference in temperature. The urine 
pH values were not corrected for temperature. Urine 
and blood sodium and potassium were determined on an 
internal standard flame photometer (12). The pCO, was 
calculated from the arterial pH and CO, content using 
the Henderson-Hasselbalch equation and a pK value of 
6.1 for H,CO,. All blood samples were obtained from 
the brachial artery and were collected under mineral oil. 
During the experimental periods on “6063” blood samples 
were collected approximately two hours after the ad- 
ministration of the drug. 


i 
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EFFECT OF “6063” IN RESPIRATORY ACIDOSIS 


After a foreperiod of 12 to 15 days the patients were 
started on oral “6063”; initially 8 to 10 mg. per kg. body 
weight per day were given in four divided doses at six- 
hour intervals. In some cases the dose was later in- 
creased up to 18 mg. per kg. body weight per day. 


RESULTS 


Figures 1 to 8 show the changes in the blood and 
urine constituents for each patient. The table gives 
a summary of the results obtained in the urine 
studies. 

Acute changes. During the first two days of ad- 
ministration of “6063” there was an increase in the 
urine pH and a 10 to 20 fold increase in the urine 
CO; content. There was also an increased urinary 
excretion of sodium and potassium (one to four 
fold) and a slight increase in urinary phosphate. 


EFFECT OF "6063": 24 HOUR URINE STUDIES 
COMTROL 


intoke 55 mEq/doy 


40) 


OaYs 

Fic. 1. Datry 24-Hour Urine Constituents or Con- 

TRoL Patient W. B. (Muscutar DystropHy) DURING 
Stupy Pertop 


The stippled areas indicate days when determination 
was omitted for technical reasons. 


EFFECT OF "6063" ARTERIAL BLOOD STUDIES 


Ne intoke 5S mEq/dey > 


OAYS 


Fic. 2. Stupres oF Patient W. B. 


Urinary ammonia decreased about 50 per cent. 
There was no significant change in urine chloride. 
There was no significant change in urine volume. 
Consistent results were seen in all four patients. 

One day after the drug was started there was a 
fall in arterial pH (0.1 to 0.2 pH units) associated 
with a fall in the plasma CO, content of 5 to 10 
mEq. per L. In three of the four patients there 
was an associated rise in the plasma chloride con- 
centration. During the first week of the drug 
therapy there was a fall in the plasma potassium 
concentration. There were no clinical symptoms 
of hypokalemia. There was no significant change 
in the plasma sodium concentration. 

Changes with prolonged administration of 
“6063”. After a maximum of three days the urine 
pH and electrolyte excretion returned to control 
values and continued unchanged for the remaining 
25 to 55 days of drug administration. When the 
dosage was increased up to a maximum of 18 mg. 
per kg. per day there was no further change in the 
urinary constituents. These dosages are compara- 
tively small; larger doses might have yielded dif- 
ferent results. 
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EFFECT OF "6063": 24 HOUR URINE STUDIES cretion. In one of the three patients studied in 
this period (M. W.), there was also a significant 

[oesr-nersereey decrease in potassium excretion. For four to six 
‘ . days after cessation of “6063” therapy, there was 
increased urinary excretion of ammonia in all 
cases. 

After the drug was discontinued the arterial CO, 
content in the control patients returned to normal 
in four to five days; the arterial pH rose to ab- 
normally high values (7.55 to 7.56) in four to 
seven days. Three to four days later, the arterial 
pH had returned to normal. In the patients with 
respiratory acidosis the arterial CO, content rose 
to previous values in three to five days; the ar- 
terial pH fell to previous control values in five to 
seven days. 

Clinical changes. The two control] subjects were 
asymptomatic during the entire period of study. 
One patient (W. M.) (Figures 7 and 8), who had 
previously been comatose because of respiratory 
acidosis and who had required the daily use of a 
respirator, was maintained in an alert state outside 
the respirator for two separate periods while re- 
ceiving “6063”. Initially, the patient received 


EFFECT OF "6063": ARTERIAL BLOOD STUDIES 
PATIENT MW CONTROL 


intake 55 mEq/doy House Diet 


OAYS 
Fic. 3. Datry 24-Hour URINE CoNnsTITUENTS OF CoNn- 


TROL Patient M. W. Patsy) DURING STuDY : : 
Periops 


During the entire period of administration of 
“0063” the arterial CO, content was depressed 
5 to 10 mEq. per L. below the control values in —coy._ 20 Vieille, Pe 
both groups. However, the arterial pH tended to aaa 

return to control values, and in both patients with 60 : 
respiratory acidosis, where the pH had previously eahe= Seen : : 

been low, it rose to normal several weeks after 
therapy was started. This was due to a fall in the ; 
arterial pCO,. In the patients with respiratory 
acidosis the plasma chloride rose, in one case to ate/t : we 
normal. After the initial period of depression, the 


plasma potassium tended to return to control val- ne? |, Ls 


ues. There was no change in the plasma sodium : 

Changes on discontinuation of “6063”. For one Ks, : : 

to five days after the discontinuation of “6063,” “eal = 3 _ 0 

there was decreased urinary excretion of sodium Days 


with no significant change in urine chloride ex- Fic. 4. Arrertat Bioop Stupres or Patient M. W. 
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EFFECT OF “6063” IN RESPIRATORY ACIDOSIS 


EFFECT OF "6063": 24 HOUR URINE STUDIES 


ACIDOSIS 


wiche 55 mEq/tay ————> No 55 ——> 
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PO, 
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Fic. 5. Datty 24-Hour Urine CONSTITUENTS OF Pa- 
TIENT S. D. (Respiratory Acrposis) 


The urine studies were discontinued prematurely be- 
cause of the development of a urinary tract infection. 


“0063” (8 mg. per kg. body weight per day) for 
three weeks and remained alert. One week after 
discontinuation of “6063,” the patient developed 
more marked respiratory acidosis with associated 


EFFECT OF "6063" ARTERIAL BLOOD STUDIES 


Patan? 


pie intone mEq/éey Novee Diet 


Oars 


Fic. 6. ARTERIAL BLoop StupiEs oF Patient S. D. 


Two weeks after the initiation of “6063” (10 mg. per 
kg. per day), the patient (S. D.) became drowsy and 
confused. These symptoms disappeared promptly when 
the dosage was lowered to 5 mg. per kg. per day. 
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drowsiness and neuromuscular irritability. Re- 
institution of “6063” therapy (10 mg. per kg. body 
weight per day) was followed by symptomatic and 
chemical improvement and, at the time of this writ- 
ing, (November, 1952), with continued use of the 
drug, the patient has remained alert without use of 


EFFECT OF "6063": 24 HOUR URINE STUDIES 


ja intake 55 mEq/doy — 
Respirator 6 houn/doy 


T6063" 


P04? 20 


Fic. 7. Dairy 24-nHour Urine ConstITUuENTS oF Pa- 
TIENT W. M. (Resprratory 


Patient W. M. had been in coma with respiratory aci- 
dosis on three occasions in the two months preceding 
this study. These episodes of coma were not related 
to changes in oxygen therapy. The coma had cleared on 
all three occasions following the use of a Drinker respira- 
tor, during which time there was a fall in the blood CO, 
content. These studies were started when the patient 
was still being maintained in a respirator eight hours 
each day. Two weeks after the initiation of “6063” ther- 
apy the patient was removed from the respirator, the 
“6063” being continued for three additional weeks. The 
patient remained alert. However, one week after dis- 
continuation of “6063” the patient developed marked 
drowsiness and neuromuscular irritability and asked to 
be returned to the respirator. This was associated with 
a marked rise in arterial blood CO, content and a fall in 
pH. Instead of respirator therapy the patient was given 
“6063” and his symptoms disappeared promptly. 
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EFFECT OF "6063" ARTERIAL BLOCO STUDIES 
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Fic. 8. Dairy Bioop Stuptres or PATIENT 
W. M. (Respiratory Aciposis) 


See legend to Figure 7. 
the respirator for three months. No late side 
effects have been observed. 

The other patient (S. D.), with respiratory aci- 
dosis but without antecedent alteration of con- 
sciousness, developed marked drowsiness 14 days 
after the initiation of therapy. This was not cor- 
related with changes in the arterial pH or CO,,. 
These symptoms disappeared promptly when the 
dose was decreased from 10 to 5 mg. per kg. per 
day. No other toxic manifestations or clinical 
changes were noted. 

Four additional patients with severe pulmonary 
emphysema and respiratory acidosis have received 
oral “6063” in more limited studies. In all four 
there was an initial fall in the plasma CO, con- 
tent of 5 to 10 mEq. per L. In three patients the 
CO, content remained depressed during the entire 
two to four week period of “6063” administration. 
These three patients were alert prior to and during 
this study. The fourth patient had had drowsiness 
due to respiratory acidosis. His mental status 
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cleared and his plasma CO, content decreased co- 
incident with initiation of “6063” therapy. How- 
ever, in this latter patient the plasma CO, content 
rose to pre-treatment levels despite continued ad- 
ministration of “6063” and the patient again de- 
veloped drowsiness which cleared only after five 
days of Drinker respirator therapy. 


DISCUSSION 


In normal renal function carbonic acid (H,CO,) 
is believed to be the main source of hydrogen ion 
necessary for the acidification of the urine, the 
formation of ammonium ion (NH,*) from am- 
monia (NH,), and the distal tubular reabsorption 
of sodium. The reaction CO, + H,JO=H,CO, 
(= H* + HCO,-) is catalyzed by the enzyme 
carbonic anhydrase which is found in the renal 
cortex in high concentration (13). Most of the 
immediate effects of the administration of an in- 
hibitor of carbonic anhydrase (such as sulfanila- 
mide or “6063”) on acid-base equilibrium can be 
explained by interference with the renal mechan- 
isms in which this enzyme is presumably involved. 
Inhibition of carbonic anhydrase in the kidney 
leads to: 

1. Decreased acidity of urine due to decreased 
availability of the hydrogen ion from carbonic 
acid. 

2. Increased urinary excretion of sodium due 
to disruption of the tubular exchange mechanism 
(14, 15) in which hydrogen ion is normally ex- 
creted by the tubule cell and sodium reabsorbed. 

3. Increased urinary excretion of potassium due 
to increased tubular secretion of potassium. In- 
hibition of renal carbonic anhydrase is thought to 
produce a relative alkalosis in the renal tubule 
cells because of reduction of available hydrogen 
ion (15, 16). The normally occurring “competi- 
tion” between hydrogen and potassium in the ion 
exchange mechanism of sodium reabsorption is 
disrupted (17, 18). Exchange of potassium for 
sodium rather than hydrogen for sodium is fa- 
vored and potassium secretion is increased (15). 

4. Decreased ammonium ion (NH,*) excretion 
due to limited avaiiability of hydrogen ion for com- 
bination with ammonia (NH,) ; the decreased am- 
monium ion formation also leads to enhanced uri- 
nary excretion of sodium (18). 
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TABLE I 
Effect of 6063” on urine constituents of four subjects 
Constant diet containing 55 mEq. sodium per day* 


Control period 1 er ae Withdrawal period Control period 2 
Patient Drug period after day 2 
N | Mean] S.D. | Day1 N | Mean] S.D 
Mean S.D. 
pH W. B. 9 | 648] 0.119} 7.26) 25 | 6.45| 0.249] 6.21 (min. value 5.95) | 12 | 6.63 | 0.223 
M.W.| 12 | 6.2@| 0.170] 7.38) 22 |} 6.54] 0.224] 6.21 value 
W.M.| 11 | 6.26] 0.231 7.60} 25 | 6.65} 0.195] 6.25 (min. value 6.40 
CO; W.B. | 10 | 10.1 3.55 93.6 | 25 | 9.7 2.66 5.3. (min. value 1.8) i 3.96 
mM/day | M.W.! 12 | 4.8 2311 834) 7.5 4.33 1.9 (min. value 1.1) 
W.M.]| 11 | 7.5 4.35 1226.0 | 25 | 10.9 5.34 4.9 (min. value 3.2) 
NH,* W.B. | 10 | 30.6 4.39 5.6 | 25 | 28.6 4.41 55.6 (max. value ara 12 | 34.9 5.84 
mEq./day | M.W.| 13 | 27.8 4.78 10:9 | 22 {27.2 7.93 | 57.8 (max. value 67.4 
W.M.| 11 | 33.7 5.53 95 | 25 | 47.5 7.38 | 73.2 (max. value 113.7) 
S. D; 12 | 41.7 9.16 | 16.0 
Nat W.B. | 11 | 44.3 8.46 |102.0 | 27 | 43.4 9.10 | 25.3 (min. value 9.9) 14 |42.1 | 22.09 
mEq./day | M.W.| 13 | 29.1 7.59 | 84.5 | 24 | 28.0 9.39 | 14.3) (min. value 4.2) 
W.M.| 11 | 29.6 9.09 {211.9 | 27 | 38.7 | 12.69 | 10.8 (min. value 3.2) 
13 128.1 | 15.23 {101.0 
. W.B. | 11 | 72.0 7.75 1118.2 | 27 | 60.9 8.62 | 49.4 (min. value ey 
mEq./day | M.W.| 13 | 54.4 | 12.03 |107.0 | 24 | 48.2 | 14.68 | 17.0 (min. value 11.2 
W.M.} 11 {40.2 6.97 | 90.0 | 27 | 47.2 | 10.45 | 35.7 (min. value 30.6) 
3. D. 13 |61.2 | 10.31 | 88.0 
2 W.B. | 11 | 58.0 7.44 | 43.8} 27 | 52.3 7.38 | 66.9 — value 89.7) 14 | 51.1 | 19.26 
mEq./day | M. W. | 13 | 42.4 8.98 | 33.6 | 24 | 34.3 7.29 | 41.6 (max. value 47.7) 
W.M. | 11 | 35.4 6.01 51.7 | 27 | 49.9 |°10.62 | 49.6 (max. value 57.7) 
13 | 48.1 9.65 | 32.2 
PO,” 1 [228 2.03 | 27.6 | 24 | 24.7 2.86 | 18.5 (min. value 14 | 19.7 1.04 
mEq./day | M.W.| 13 | 17.5 3.71 25.4 | 21 | 18.5 3.59 15.0 (min. value 11.7 
W. 11 112.8 | 3.25 | 21.7 | 24 | 24.6 4.43 | 12.3 (min. value 9.7) 
13 | 17.4 3:00: 122.2 


* N—Number of determinations. 
S.D.—Standard deviation. 


5. Increased total CO, content of urine, due 
mainly to increased excretion of bicarbonate. 
Normally, hydrogen ion secreted by the renal tu- 
bule cells reacts with the bicarbonate in the tubular 
urine; the CO, so evolved diffuses into the blood. 
When hydrogen ion secretion is diminished by 
carbonic anhydrase inhibition this reaction does 
not take place and bicarbonate excretion is thereby 
increased (18, 19). 

The acute loss of large quantities of sodium and 
potassium bicarbonate via the urine is associated 
with a fall in plasma bicarbonate and blood pH. A 
significant fall in the plasma potassium concentra- 
tion occurred in three of the four patients studied. 
No change in plasma sodium occurred. 


Increased urinary excretion of phosphate oc- 
curred after the administration of “6063.” In- 
creased urinary phosphate occurs also in acidosis 
from other causes (20). The mechanism is not 
known. 

With prolonged administration of “6063” the 
changes in urinary excretion of electrolytes lasted 
only one to two days. Thereafter, urine electro- 
lytes were essentially the same as during the con- 
trol period. The nature of this apparent urinary 
compensation is not known. There are several 
possible explanations. There may be renal mecha- 
nisms other than that involving carbonic anhydrase 
which can make hydrogen ion available ; increased 
amounts of carbonic anhydrase may permit the 


{ 
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normal reaction to proceed in spite of the presence 
of the inhibitor. All of the reactions may not re- 
quire an enzymatic catalyst. 

With the exception of the CO, content, the 
changes in arterial blood electrolytes tended to 
return to control values after one to two weeks of 
continued drug therapy. Although the arterial pH 
tended to return to normal, the plasma CO, con- 
tent remained depressed (5 to 10 mEq. per L.) dur- 
ing the entire period of administration of “6063” 
in both control subjects and in five of the six pa- 
tients with respiratory acidosis studied. This was 
due to a fall in the arterial pCO,. As this is com- 
pletely under pulmonary control, the fall in arterial 
pCO, associated with a rise in arterial pH must be 
attributed to respiratory compensation for the 
metabolic acidosis, t.e., hyperventilation. The pa- 
tients with respiratory acidosis and control CO, 
tensions of about 80 mm. Hg initially must have 
had either a) pulmonary ventilation impaired to 
the point that effective diffusion of CO, from the 
blood was impossible despite maximal ventilatory 
effort, or b) insensitivity of the respirator center 
and/or chemoreceptors to the stimulus of a high 
arterial pCO,. It is interesting to note that the 
pulmonary dissipation of CO, is apparently more 
effective following the administration of “6063”. 
The mechanism is obscure. 

Because carbonic anhydrase is thought to be 
important in the secretion of acid in the gastric 
juice (21), gastric analyses were performed be- 
fore and during “6063” therapy in the control pa- 
tients. There was no significant change in gastric 
secretion of free or combined acid or of the electro- 
lytes of the gastric juice before or after histamine 
stimulation one day or seven days after the initia- 
tion of “6063” in the doses used. 

“Rebound phenomena” after cessation of “6063” 
are prominent. They last for more than one 
week and consist of decreased urinary excretion 
of sodium and in one case of potassium, increased 
ammonia and decreased phosphate excretion. 
There was a rise of blood pH to above control 
levels, and a return of blood CO, content to con- 
trol levels only after about one week. The re- 
tention of sodium after withdrawal of “6063” in- 
dicates that the initial large loss of sodium, on ad- 
ministration of the drug, may not be made up while 
“6063” is administered even though urinary output 
of sodium is the same as during the control pe- 
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riod. One patient (M. W.) was given 170 mEq. 
of sodium per day as NaCl in capsule form, in 
addition to a diet containing approximately 50 
mEq. of sodium per day. After a control period 
of one week “6063” was given as previously de- 
scribed. The effects of the drug were the same 
as with the smaller sodium intake except for the 
baseline levels of the control period. Withdrawal 
of “6063” was followed by a period of diminished 
sodium excretion from control levels of about 150 
mEq. per day to about 20 mEq. per day for several 
days. Thus, “rebound phenomena” were present 
in spite of a relatively large continuous intake of 
sodium. The explanation for these “rebound phe- 
nomena” is obscure. It is possible that the same 
mechanism that caused urinary excretion of elec- 
trolytes to return to control levels during pro- 
longed administration of “6063” continued to oper- 
ate for some time after the drug was discontinued. 


SUMMARY 


1. The effects of administration of the carbonic 
anhydrase inhibitor “6063” on electrolyte and 
acid-base metabolism have been studied in two 
normal subjects and two patients with pulmonary 
emphysema and respiratory acidosis. The elec- 
trolyte changes in both groups were essentially 
the same. 

2. Administration of “6063” causes transient in- 
creased urinary pH, increased urinary CO,, so- 
dium, potassium and phosphate and a fall in uri- 
nary ammonia. Associated with this there is a 
fall in arterial pH and CO, content. There is a 
transient decrease in the plasma potassium con- 
centration. After two to three days the daily uri- 
nary excretion of electrolytes returns to the levels 
of the control period, but the plasma CO, content 
remains depressed during the entire period of 
drug administration and the arterial pH only grad- 
ually rises to the control levels. Upon cessation 
of “6063” therapy, there is decreased urinary ex- 
cretion of sodium, increased urinary ammonia and 
a rise of blood pH to above control values for three 
to seven days. 
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STUDIES ON THE PREVENTION OF RHEUMATIC FEVER: THE 
EFFECT OF TIME OF INITIATION OF TREATMENT OF 


STREPTOCOCCAL INFECTIONS ON THE IMMUNE 


Previous studies have established the fact that 
penicillin treatment of acute streptococcal pharyn- 
gitis results in a marked suppression of antibody 
formation (1, 2,3). This is in contrast to the fail- 
ure of penicillin treatment to alter the immune re- 
sponse in patients with pneumococcal pneumonia 
(4). It has been suggested that in the latter case, 
sufficient pneumococcal antigen is formed during 
the early phases of pneumonia to provide a maximal 
antigenic chailenge before penicillin therapy is in- 
stituted (4). The capacity of penicillin to suppress 
the production of streptococcal antibodies suggests 
that in streptococcal infections the antigenic chal- 
lenge may be presented more gradually. Under 
such circumstances, it would be expected that the 
effectiveness of penicillin in this regard would be 
related to the time of institution of therapy. Since 
no definitive information on this point has hitherto 
been obtained, the present study was designed to 
test this hypothesis. 


DESCRIPTION OF STUDY 


All patients fulfilling the following criteria were in- 
cluded in the study: the presence of exudative pharyn- 
gitis, history of onset of symptoms less than 31 hours be- 
fore admission, and subsequent isolation of group A 
streptococci from the initial throat culture. Patients 
with a past history of rheumatic fever or chorea were ex- 
cluded. <A throat culture and a serum specimen were 
obtained on each patient at the time of admission and on 
the fourteenth, twenty-first and twenty-cighth days from 
the onset of symptoms. 


1 This investigation was conducted under the sponsor- 
ship of the Commission on Acute Respiratory Diseases 
and the Commission on Streptococcal Diseases, Armed 
Forces Epidemiological Board, and was supported by the 
Offices of The Surgeons General, Departments of the 
Army and Air Force, Washington, D.C. 

2 Capt., MC, USAF. 

3 Capt., MC, USAR. 
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Bacteriological and serological studies were performed 
by methods previously described (5,6,7). Antistreptolysin 
“CQ” titers were determined on all sera from each patient 
in a single test, and all tests were performed with the 
same lot of streptolysin and read by the same observer. 


RESULTS 


Each of the 349 patients studied was assigned to 
one of four treatment groups according to a ran- 
dom sequence previously determined by a shuffled 
deck of cards. Table I indicates the distribution 
of the patients among four treatment groups ac- 
cording to the time of initiation of therapy and the 
amounts of penicillin employed. The groups were 
essentially comparable, as shown in Table II, with 
respect to the admission leukocyte count, predomi- 
nance of group A streptococci on initial throat 
culture, history of sore throat within the previous 
four weeks, and initial antistreptolysin titer. There 
was some variation in the distribution of serologi- 
cal types of infecting streptococci in the four treat- 
ment groups, and analysis revealed only slight dif- 
ferences in the antistreptolysin responses to in- 
fection with the different types. 

Table III shows the average increase in anti- 
body in each group. Early treatment with penicil- 
lin was followed by a much smaller average anti- 
body rise than that found in the control group. 
In those groups of patients in which treatment was 
delayed for three or five days, there was progres- 
sively less suppression of antibody response. 
Nevertheless, considerable reduction in antibody 
response was obtained even when treatment was 
delayed for five days. 

Figure 1 shows the per cent of patients in each 
group who developed an antibody rise of 200 units 
or over. It can be seen that twice as many patients 
developed this response when treatment was de- 
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TABLE I PERCENT OF PATIENTS WITH ANTISTREPTOLYSIN RISE 


Distribution of cases according to treatment groups 
40+ 
Number _ Time of initial 
Group of cases injection* Therapy E 
Immediate & 304 
treatment 86 22-31 hours Three injections a 
of 600,000 units 5 
3 day delay of penicillint at & 204 
in treatment 89 70-79 hours 3 day intervals 
5 day delay # 
in treatment 87 118-127 hours 10+ 
Control 87 ~- Saline placebos Yj 
given on first and ow Za WZ 
fifth hospital day 30oy immediate 


delay in deloy in = treaiment 
Wweatment treatment 


* Time from onset of symptoms. 
t Procaine penicillin in sesame oil, with 2 per cent F 
aluminum monostearate. 1G. 1 


TABLE II 
Comparability of the treatment groups 


Number of patients in treatment groups 


Immediate 3daydelay day delay 
treatment in treatment in treatment Control 
(86) (89) (87) 


Admission leucocyte 
count 12,000 and over 64 63 65 69 


Initial antistreptolysin 
titer 125 units and under 56 66 64 65 


History of sore throat 
within previous 4 weeks 8 12 7 11 


Group A streptococci 
predominant* growth 
on initial culture 81 79 76 81 


Type of group A 
streptococci from ‘3 13 
initial throat culture 6 8 9 8 6 


5 
Others 


* Over 50 colonies on plate. 


TABLE III 
Average antistreptolysin response in relation to time of initiation of penicillin therapy 


Antistreptolysin titers 


‘Per cent inhibition as 


Average units Average units rise compared to controls 
Treatment Number 14 21 28 14 21 28 14 21 28 
groups of cases Initial day day day day day day day day day 


Immediate 
treatment 86 87 94 58.4 603 56.0 


3 day delay 
in treatment 89 124 «8205 229 235 84 108 114 55.0 S503 46.8 


5 day delay 
in treatment 87 120 222 251 246 103 131 44.8 400 41.1 


Control 337 


14 10 14 20 20 : 
10 9 10 7 
15 11 9 11 
186 218 214 


layed five days, compared to the group who re- 
ceived immediate therapy. 

In this study one case of rheumatic fever oc- 
curred in the control group. This patient showed 
a 375 unit antistreptolysin rise by the fourteenth 
and twenty-first days, and a 750 unit rise by the 
twenty-eighth day. 

Reinfections and recurrences of positive cultures 
at follow-up examination remained under 13 per 
cent in all groups receiving penicillin, and did not 
appreciably alter the antistreptolysin responses 
of any group. 


DISCUSSION 


These data indicate that there is a correlation 
between the time of institution of penicillin therapy 
and the degree of suppression of antistreptolysin 
formation : the earlier the treatment the greater the 
suppression. Therapy, begun not later than 31 
hours after the onset of symptoms of streptococcal 
pharyngitis, effectively reduces the subsequent 
antistreptolysin response at 21 days by approxi- 
mately 60 per cent, while therapy begun five days 
after the onset of symptoms results in a 40 per 
cent suppression. These observations support the 
hypothesis that the antigenic challenge during acute 
streptococcal pharyngitis occurs gradually, over a 
period of several days, and that an appreciable 
percentage of the total immune response develops 
as a result of antigen formed after the fifth day of 
disease. 

It is difficult to relate these data to the overall 
problem of the prevention of rheumatic fever, since 
the present study was too limited to yield any di- 
rect evidence as to the effectiveness of delayed 
penicillin therapy in reducing the attack rate for 
this complication. It has been shown that there 
is a correlation between high convalescent antibody 
titers following streptococcal infections and the de- 
velopment of rheumatic fever (8). It would thus 
seem that early therapy of streptococcal infections 
would be advisable; delayed therapy, however, 
might exert some effect on the incidence of rheu- 
matic fever. It is hoped that studies now in prog- 
ress will provide information on this point. 


CONCLUSIONS 


Early treatment of streptococcal pharyngitis 
with penicillin is more effective than delayed ther- 
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apy in suppression of antistreptolysin formation. 
Treatment instituted as late as five days from onset 
of symptoms of pharyngitis results in significant 
antibody suppression. 
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The relationship of the sodium ion to blood pres- 
sure levels in certain hypertensive states is now 
established beyond cavil. But whether alterations 
are mediated through the adrenal cortex, through 
renal or other pressor mechanisms, or through 
modification of neuromuscular responses at an 
arteriolar plane, cannot be stated at the present 
time. 

In recent years the potassium ion has been con- 
sidered in other ways than its known effects on 
cardiac muscle contraction or on synaptic trans- 
mission. Potassium chloride-flooding in rats has 
been reported to induce an increased renal and a 
decreased cardiac weight as well as hypertrophy 
of the adrenal glomerulosa zone (1). Further- 
more, Freed, Friedman and Rosenman have dem- 
onstrated that dietary potassium restriction will 
lower the blood pressure in normal and hyperten- 
sive rats, block the pressor effects of desoxycorti- 
costerone, and reduce peripheral vascular reac- 
tivity (2-5). 

The present study was undertaken to investigate 
the effects of potassium-deficient diets in hyper- 
tensive man, with the hope that further light might 
be thrown on the mechanisms involved in sodium 
restriction. 

METHODS 


Five observations were made on four patients with hy- 
pertensive vascular disease, uncomplicated save that two 
had sustained relatively minor cerebral vascular accidents 
at least a year before. The conditions, diagnostic pro- 
cedures and methods 2 were similar to those reported pre- 
viously (6), including the utilization of “resting” blood 
pressure measurements, constant dietary and fluid intakes, 


1 This study was supported by grants from the Albert 
and Mary Lasker Foundation, the Albert H. and Jessie D. 
Wiggin Foundation, and the National Heart Institute 
(USPHS). 

2 The author is indebted to Dr. James A. L. Mathers 
for ballistocardiographic studies with the low ftequency, 
critically-damped instrument, and to Dr. K. W. Thompson 
of Organon, Inc., Nutley, N. J. for supplying the desoxy- 
corticosterone acetate (DOCA). 
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and preliminary periods of hospital supervision of about 
three weeks. Desoxycorticosterone acetate was adminis- 
tered subcutaneously in 5 mg. doses once daily. 

Identical salt-poor daily menus were prepared as before 
(6), with sodium chloride administered by mouth from 
weighed salt shakers to yield a total daily intake of about 
4 grams. Potassium restriction was achieved (without 
change in total fluids, calories, sodium or the addition of 
special ingredients) by almost complete elimination of fruit 
juices, potato, milk and eggs, reduction of meat and coffee, 
selection of certain fruits, cereals and vegetables, and the 
addition of fats, sugar and ginger ale. This resulted in a 
decreased protein intake (ranging in different patients 
from 69 to 84 grams per day in the control period, to 31 
to 48 grams while on the curtailed regimen) and an in- 
crease in the consumption of fat. Repeated direct analyses 
of aliquots taken from an entire day’s cooked diet con- 
firmed the constancy of the regimen. 


RESULTS 


Tabular representation of the results is sum- 
marized in Table I and an illustrative case record 
is shown in Figure 1. The restriction of potas- 
sium, to approximately a third or a quarter of 
normal intake, was associated with a small but 
consistent and statistically significant decrease in 
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TABLE I 
Effects of potassium-defictent diets in hypertensive subjects 


“Resting” B.P. 


Urine (av./day) Serum 
Diet ; Weight 
duration intake Max.—Min. Mean Vol. Na K Na k cl CO: H'crit Start-End 
days mEq./d. a. mEq. mEq. % cells kilos 
‘ control 94 176 166 170 2215 67 75 138 44 102 30.1 47 

(10) 112 106 108 

low K 23. 164 1998 41 520 141 4.1 102 46S 74.4-74.0 
(9) 102 92 100 


control 72 190 170 182 
(8) 10 100 


low K 
(3) 


lowK+DCA 23 170 150 162 
5) 82 89 


96 
control + DCA 72 186 172 178 
(3) 102.100 101 


1472 60 58 137, 4.1 102 27.1 36 66.4-66.6 


26 137 4.3 104 28.1 34 66.6--66.6 


1060 39 21 137 3.6 105 27.6 36 66.6-66.5 


1147 57 39 66.5-66.5 


control 67 180 170 174 
(5) 100 96 


low K 166 164 165 


(3) “88 86 87 

(1) lowK+DCA 21 174 154 162 
(4) 94-86 88 


control + DCA — 67 178 164 170 
(4) 100. 


1810 66 56 142 4.6 102 30.6 67.4-67.0 


1743. 27 «31 142 4.4 67.0-66.9 
1825 32 30 143 4.0 100 30.6 66.9-67.9 
1770 51 42 67.9-68 


control 158 150 
(5) 90 


low K 21 146 142 143 

(4) 86 80 82 

low K + 57 mEq. 78 164 160 162 
KCI (3) 9% 90 03 


low K 21. «158 154 156 


(3) 66 82 84 


57 67.1-66.9 


1900 31 32 142 4.2 100 280 66.9-66.9 


2113 91 43 66.9-66.2 


2166 69 30 66.2-65.9 


control TAO 182 = 
(10) 120 114 «118 
low K 176156 164 
M.L. (8) 112 96 103 


control 192 180 185 
(10) 116 110 114 


63 


1500 36 38 44 


1510 68 58 44 


“resting” blood pressure in every instance. This 
response appeared not later than 48 hours after 
diet modification and often within 24 hours, and 
the “resting” blood pressure rose promptly in those 
cases in which potassium chloride was added to 
the diet or when control diets were restored. 

Curtailment of dietary potassium was followed 


by a decrease in the amount excreted in the urine, 
but in general these values remained larger than the 
intake with a resultant negative balance, perhaps 
reflected in the serum potassium concentrations 
which fell slightly in three of four studies. Uri- 
nary nitrogen determinations were made in one 
patient and showed a decrease in proportion to the 
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reduced protein intake, thereby indicating that pro- 
tein breakdown was contributing a 
amount to the urinary potassium excreted during 
the limited period of these observations. In as- 
sociation with the restriction of potassium, urinary 
sodium excretion decreased sharply with an aver- 
age positive balance, assuming other excretory 
routes were not invoked, of approximately 30 mEq. 
per day. Serum sodium concentrations, however 
were not affected, 


Except for a slight increase in constipation in 
two subjects, the restriction of potassium gave rise 
to no subjective distress. The shifts in electrolytes 
were unassociated with any major fluid alterations, 
at least as reflected in weight, hematocrit and uri- 
nary volume measurements, and in one subject 
the serum volume (calculated by means of the blue 
dye T. 1824) remained unaffected. Serum chlo- 
ride and carbon dioxide content were not modified 
consistently. No patient was observed to develop 
urinary ketone bodies, and serum urea nitrogen 
values did not increase. Serial electrocardiograms 
and ballistocardiograms were obtained at frequent 
intervals in the course of two studies; the results 
were superimposable, nothing being found to sug- 
gest changes in cardiac function, intracardiac elec- 
trolyte alterations, or difference in the impact. of 
the cardiae contraction. 

In two instances, desoxycorticosterone acetate 
was administered while the patients were on the 
restricted diet. The “resting” blood pressure re- 
mained reduced until the control diet was resumed. 


DISCUSSION 


The decrease in “resting” blood pressure in re- 
sponse to short-term: restriction of dietary potas- 
sium, observed six times in five studies on four pa- 
tients with hypertensive vascular disease, confirms 
the reports of Freed, Friedman and Rosenman em- 
ploying even greater restriction hypertensive 
rats. It is noteworthy, with respect to the known 
therapeutic effects of salt restriction, that this phe- 
nomenon takes place despite rather marked sodium 
retention and, presumably, a rise in intracellular 
sodium (7-10), 

The mechanism of the fall in blood pressure re- 
mains obscure. It appeared unrelated to serum 
volume changes in the one individual in whom 
measurements were made. 


It could not be ae- 
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negligible 
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counted for by the decrease in protein intake, neces- 


sary to achieve the potassium restriction, for the 
initial degree of hypertension could be restored im 
one instance merely by the addition of potassium 
chloride; nor, incidentally, will protein supple- 
mentation alter the arterial tension when reduced 
by the “rice diet” (11). It is doubtful that the de- 
pressor effects can be related to loss of potassium 
from heart muscle and a resultant fall in cardiac 
output, although this possibility cannot be excluded 
completely ; against such a mechanism are the ra- 
pidity of the blood pressure decrease, the absence 
of abnormally low serum potassium values, and the 
lack of alterations in the electro- and ballistocardio- 
grams. With reference to the role of the adrenal 
cortex, one might presume that a high rather than 
a low potassium intake should be analogous to a 
low sodium regimen; nevertheless, the fact that a 
low potassium diet blocks the customary pressor 
response of hypertensives to desoxyveorticosterone 
(12), also noted previously in the rat studies (4), 
makes it possible that the adrenal cortex is one 


nally, it is possible that electrolyte imbalance ex- 


of the areas requiring further consideration, 


erts a direct effect on neuromuscular transmission 
and hence a direct effect on the physiological site 
of hypertension, the arterioles ; marked sodium de- 
ficiency has been reported to give rise to a neuro- 
muscular block and a reduced output of acetyl- 
choline (13). 

From these preliminary studies it cannot be con- 
cluded that potassium restriction is of therapeutic 
henefit. The diets employed were unpalatable and 
unbalanced, particularly with respect to protein. 
Had they been made more restrictive or continued 
for longer periods, signs and symptoms and dan- 
verous cardiac complications might have been pro- 
duced. These observations do serve, however, to 
point again to the relationship of certain cations to 
the hypertensive state—perhaps through the in 
tervention of the adrenal cortex, but) perhaps 
through some direct action on blood vessel walls. 


SUMMARY 


1. The restriction of dietary potassium, under 
taken six times in four patients with hypertensive 
vascular disease, was followed rapidly by small but 
statisticaliy significant decreases in “resting” blood 
pressure, 
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2. Sodium retention accompanied the restriction 


of potassium. 


3. The low potassium diet blocked the pressor 


response to desoxycorticosterone, 

4. This study, confirming previous reports of 
hypotension observed potassium-deficient rats, 
fails to exclude the possible participation of the 
adrenal cortex but 1s compatible also with the pos- 
sibility of a direct role of cations upon neuromus- 
cular transmission or upon blood vessel walls dur- 
ing the hypertensive state. 
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The thoracic duct is generally accepted as the 
major pathway of lymphocytes enroute to the cir- 
culating blood (1, 2, 3), accounting for approxi- 
mately 70 per cent of all the lymphocytes in the 
peripheral blood. The remainder of the lympho- 
cytes are said to enter the blood directly via the 
lymph from other sites (2). Reliable information 
concerning the hematologic content of lymph in the 
thoracic duct of man has been fragmentary and 
limited to chance observations in few patients (4). 

The thoracic duct lymph is reported to flow from 
one to six hours after death (5,6). Consequently, 
an attempt was made to study the cellular com- 
ponents of human lymph obtained by cannulation 
of the thoracic duct within one hour after death 
and then m vivo if a feasible technic could be de- 
veloped (7). Volumetric measurements of the 
flow of lymph in addition would permit an estima- 
tion of the number of cells delivered per unit time 
into the peripheral circulation via the thoracic 
duct (8). 
present in man in addition to innumerable other 


Since at least two thoracic ducts are 


lymph-to-blood connections, it was realized that 
these anatomical considerations seriously limited 
the interpretation of single samples. Consequently 
cannulation of the major thoracic duct for con- 
tinuous drainage over prolonged periods was un- 
dertaken. 


PATIENTS AND METHODS 


The thoracic duets of 16 cadavers were isolated within 
one hour after death. Satisfactory flow of lymph fluid 
was obtained in 11 of these necropsy cases, 10 of whom 
had a form of leukemia. The hematologic findings were 
contrary to that expected from a review of the literature 
Because of a valid criticism of any interpretation derived 
from post mortem material, the study was extended to 
living man (Figure 1). 

Studies were performed on 10 patients, all of whom 
were far advanced in the course of their neoplastic disease, 


and all of whom volunteered as subjects after being in 
formed of the proposed study. Four patients had leuke 
mia, and six had other malignancies. Four ounces of milk 
and cream were given orally one-half hour prior to the 
procedure to aid in the identification of the duct. Poly 
thene tubing, 2 to 3 mm. in external diameter, was intro 
duced 3 to 5 em. into the proximal segment of the thoracic 
duct pointing retrograde as it approached the left internal 
The 
duct emptying into the venous junction was ligated. 


jugular-subelavian vein junction. segment of the 
The 
polythene tubing pointing medially and inferiorly was 
securely tied in place after flow was established. The 
skin was closed with interrupted sutures without approxi 
mating the deeper layers. The tubing was fixed by su 
tures within the edges of the wound as it was closed 

The lymph was collected by gravity drip into sterile, 
silicone-lined glass containers. Heparin was employed 
exclusively as the anticoagulant. 
or chemical determinations 
fresh specimens. All determinations 
done as promptly as possible employing NBS certified 
hemocytometers and Trenner automatic filling pipets. In 
counts between 5,000 to 10,000 per cu. ml, counting all 


Samples for hematologt 
were collected as separate 


counts and were 


nine squares on each of two chambers from a single pipet, 
the 70 per cent confidence limits of the value obtained were 
8.5 per cent. Peripheral venous blood was taken simul 
In the patients studied post 
mortem, blood for comparison had been obtained either 


taneously for comparison. 


just before death or by cardiac puncture aiter death 

In five instances, the thoracic duct was outlined on vive 
by the retrograde introduction of Diodrast or Thorotrast 
(Figures 2A, B, C, D). 

Whole blood or plasma was employed to replace the 
draining lymph, usually volume for volume. After the pe 
riod of the lymph drainage was completed, the tubing was 
sealed and the lymph within was allowed to clot. The tube 
was uneventfully withdrawn 3 to 10 days later. 


RESULTS 


Studies post mortem, Attempts to locate the 
thoracic duct post mortem were uniformly unsuc- 
cessful unless half cream-half milk had been in- 
Satis- 
factory lymph flow was obtained in 11 patients, 10 


gested 3 to 24 hours before cannulation. 
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of whom had leukemia (Table 1). In eight: pa- 
tients, the blood leukocyte level exceeded the leuko- 
cyte level of the thoracic duct lymph; in two pa- 
tients the reverse was found to be true. The leu- 
kocyte counts were the same in the lymph and 
blood of the remaining patient. 

Studies in vivo. The thoracic duct was clearly 
distinguishable im vivo when the cream and milk 


Cannulation 
of Thoracic Duct 


Polythpre: 


Left innominate V. 


Fic. 1 


GILFILLAN, 


CANNULATION OF 


WHITE, FREEMAN, AND PETRAKIS 


comfort after the first 24 or 48 hours, Delayed 
healing of the wound occurred in an area which 
had heen repeatedly treated with intensive X-radi- 
ation in a single patient (KIN ) who had advanced 
Hodgkin's disease. No evidence of a chylous fis- 
tula appeared in any case. One patient experi- 
enced transient syncope during the introduction of 
70 per cent Diodrast into the thoracic duct. al- 


roe THoracte Dect 


The lymph is collected in sterile containers by gravity drip 


were given 15 to 30 minutes before surgical ex- 
ploration of the duct area. Thoracic duet lymph 
was obtained for continuous periods of 2 to 13 
The 


polythene tube caused no untoward reaction during 


days in 10 patients (Table Il, Furure 3). 


or alter the period of drainage and did not seriously 
uupair motion of the head or neck or cause dis- 


though intravenous testing had shown no sensi- 
tivity. 

Appearance and flow characteristics. The lymph 
of the non-leukemic and leukemic patients had an 
opalescent appearance resembling skimmed milk, 
varying between a thick creamy and a thin watery 


consistency. Cream appeared within 10° to 20 


= 
( 
4 Int. jugular V. 
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THE CHARACTERISTICS OF THORACIC DUCT LYMPHL IN) MAN 


Pic: 2 
A. Outline of thoracic duct in thorax following retrograde introduction of 75 per cent Diodrast 
Lateral view 
C. Anterior view of abdominal portion of the thoracic duct. The marker “O” is at the umbilicus, 


I). Lateral view of abdominal portion. Note filling anteriorly of what is presumed to be mesenteric 


lymphatics. 
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IABLE I 


Hematological data of thoracic duct lymph of eleven patients obtained at post mortem compared with venous blood 


LIB 


Name, Sex, Age 


F 3 LEF F U1 CUM M tt | DEM M 19 KAN F 35 JOH M 51 


Lymphatic Lymphatic Lymphatic Lymphatic | Lymphatic 
leukemia leukemia leukemia leukemia | leukemia 


Lymphatic 
leukemia 


Diagnosis 


Lymph Blood | Lymph | Blood | Lymph Blood Lymph Blood Lymph Blood Lymph Blood 


Thoracic Finger, Thoracic| Finger, | Thoracic Cardiac Thoracic Cardiac | Thoracic) Cardiac | Thoracic, Vein, Peri 
duct Dhr.* | duct 1 hr.* duct duct duct duct 5 hrs.* cardial 
| fluid 


Sample site 


K 650,000 460,000 580,000 1,900,000 100,000 1,250,000 400,000 1,160,000 770,000 2,680,000) 30.000 
5.4 gms 


Platelets 80.000 140,000) 30,000 40,000 60,000 


100 KOO 6.550 330,000 82.000 500,000 3,600 1,900 


50,200 


50,000 


W 241,000 322.000 


Differentials in 
per cent 


PMN 1 4 seen 


76 


Meta 
My! 


Lymphs, small 99 20 seen 16 seen 13 80 $2 100 22 


large 


r 
Others normo 2 mono 
blast blast eytes 


CANNULATION OF LEFT THORACIC DUCT 


| 
A 


Tim 


PERIPHERAL 
BLOOD 


LYMPH 


START 


HeEMATOLOGICAL DATA DURING REPRESENTATIVE STUDY ON KIR, 35- 
YEAR-OLD MAN with SuBLEUKEMIC LymMpHatic LEUKEMIA 


hic. 3 


Note that the blood and lymph leukocyte counts approximate one another closely 
except for the first 24 hours 


ai 
| 
| | 
| | } 
| | 
12,0007 sora, wegey wns | | 
1,000 | | | | 
6,000 
Whey 
4,000 
2900 
| 
| | | | 
20 | 
mon | | | | 
° 
| 
: au 
PERIPHERAL BLOOD | | | | | 
| | | | 
2m | | 
1M 
LYMPn | | 
100, 000) | | | | 
1256 | 
ANTITMROMBIE 
LYMPH | 
é 132 | 
t 
80% 
MAY JUNE 
END 


THE CHARACTERISTICS OF 


TABLE I 


Name, Sex, Age PIT M 66 VAL Fr 68 


Diagnosis Lymphatic leukemia Lymphatic leukemia 


Lymph Blood Lymph Blood 


Ear, 5 hrs.* Finger, 


1 hr.* 


Thoracic 
duct 


Thoracic 
duct 


Sample site 


Hbg.. 
8.0 gms. 


RBC 240,000 350,000 3,260,000 


Platelets | 10,000 55,000 


| 
80,000 | 
| 


W 55,000 | 289.000 35,600 381,000 


Differentials in 
per cent 
PMN 
Meta 
My! 
Lymphs, small 
large 


Others 


* Before death. 


t One cc. sample obtained diluted by 0.2 ce. of heparin. 
The remainder of the leukocytes showed degenerative changes. 


t Ten cells were differentiated. 
appeared unaltered. 


minutes after oral ingestion. In the leukemic pa- 
tients, the Ivmph was more often blood-tinged, re- 
lated to its content of erythrocytes (Table IT). 
The flow of lymph varied from 300 to 2,800 ml. 
of fluid per 24 hours (Figure 4). 
Iyvmph was obtained and measured accurately in 


WK ¢& AGE 35 
Lymphatic Leukemia 
Ll 


[O]orst [DJurine 


[P]Ptasma Samples 


THORACIC 


Myelogenous leukemia 
Lymph 
Thoracic 
duct 


280,000 


10,000 


Free flow of 


[E]Etectrolyte (saline, dextrose, lactate: Ringer» 


DUCT LYMPH IN MAN 


Continued 


SPI M 47 COO M 49 LIN M 58 


Myelogenous leukemia Malignant melanoma 


Blood Lymph Blood Lymph Blood 


| Kar, 4 hrs.* 


Thoracic 
duct 


Ear, 
| 2 days* 


Hhbg., 
| 11.8 gms. 


Thoracic 
| duet 


Cardiac 


1,580,000 740,000 46,000 2,140,000 


| 
| 
| 
| 


10.000 | 100,000 
| 


403,000 80,000 18.450 10,500 


Counts were not corrected for this dilution. 
The erythrocytes 


six patients in whom the lymph content of leuko- 
cytes was also determined, thereby permitting an 
estimation of the number of cells passing through 
the thoracic duct ostensibly for delivery into the 
peripheral circulation (Table IIL). Cannulation 
of the right thoracic duct in patient E1.M 36 hours 


FLUID INTAKE AND OUTPUT 
THORACIC DUCT 
DRAINAGE 


7 2nd PD 


DAY OF 24 HOURS 


Fic. 4 


Data ow Flow anp REPLACEMENT DURING Stupy oN Patient KIR 


The fear of significant fluid loss failed to materialize under this regimen of replacement 
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Name, Sex, Age 


Diagnosis 


100 


small 
young 
Mono 
Others 
Lowest 
lymph 
count 
RBC 174,000 | 
Platelets 2,500 | 
W 3,900 
Differentials in per cent 
PMN | 
Meta | 
My! 
PMI 
Lymplis 
smal 100 
young 
Mono 
Others 
Corre 
sponding 
lymph 
RKC 156.000 
Platelets 4,500 
W 6,200 
Differentials in per cent | 


Lymphe 
small 
young 


Mono | 


Others 


| Corre j 
| sponding | 
lymph | 
142,500 
Platelets 2.000 
W 4.000 
Differentials in per cent 
PMN 
Meta 1 


Lymphs 
small 
young 

Mono 

Others 


99 


Cellular characteristics. 


BYRON, 


Lymphatic leukemia 


JR., KELLY, 


FLI 75 


| 


| 
Lymphatic leukemia | 


Drainage period 2 days $ days | 
Highest Corre Highest 9 Corre 
lymph sponding | lymph sponding | 
count blood | count blood 

kK 156,000 2,690,000 99,000 4,070,000 
Platelets 4,500 25,000 | 4,500 95,000 
W KC 6,200 49,000 40,000 166,000 
Differentials in per cent | | 


100 | 100 
| 
Corre. | Lowest: | Corre 
sponding | lymph | sponding 
blood | count blood | 
2,380,000 | 6,300 | 3,000,000 | 
25.000 | 4,000 90,000 
39,000 17,800 | 121,000 | 
| 
| 2 
1 | 
| 
99 100 | 
| 
Highest Corre Highest 
blood sponding blood 
count lymph count 
2.690.000 99,000 | 4,070,000 
25,000 4,500 95,000 
49,000 40,600 166,000 | 
| 
11 | 


100 | 


100 | 83 
| 1 | 
| 
| | 
| | 
Lowest Corre Lowest | 
blood — | sponding blood 
count lymph | count 
2,630,000 6,300 3,000,000 | 
25,000 4.000 | 90,000 | 
25.000 | 17,000 | 121,000 | 
2] 
| 
| 
| 


after the left thoracic duct had been ligated did not 
significantly alter the circulating lymphocyte count. 


In general the leuko- 


cyte counts in lymph and venous blood in the living 
patient were the same as found in the post mortem 


GILFILLAN, 


TABLE 
Hematological data of thoracic duct lymph and t 


WHITE, 


FREEMAN, 


RAL 


AND 


M 16 


| Myeloulastic leukemia | 
with chloroma 


KIR 35 
Subleukemic 
lymphatic leukemia 
11 days 
Highest Corre 
lymph sponding | 
count blood 
790,000 2,280,000 
25,000 25,000 
11,900 2,800 
| | 
} 


studies. 


The 


Lowest Corre 
lymph sponding 
count blood 
150,000 | 4,390,000 
5,000 | 60,000 
600 | 4,200 
| 
1 | 16 
| 
99 
| 
Corre Highest 
| sponding | blood 
lymph count 
895,000 3,720,000 
25,000 45,000 
6,900 8,500 
13 


99 | 87 
| 
| 
| 
| 
| 
Corre | Lowest 
| sponding blood 
lymph count 
7,900,000 4,400,006 | 
55,000 | 75,000 
2,500 | 2100 
| 
4 20 


PETRAKIS 


‘enous bivod on 10 patients obtained in vivo 


HAL M 49 
Multiple myeloma 
13 days 
| 
Highest Corre 
lymph sponding 
count blood 
35,000 3,950,000 
95,000 125,000 
4,300 2,600 
1 | 67 


4 days 
Highest | Corre 
lymph | sponding 
count blood 
450,000 2,390,000 | 
15.000 130,000 | 
27,200 67,000 
1 12 


Lowest 
lymph 
count 


100,000, 
20,000 
10,000 


93 


Corre 


sponding | 


lymph 

450,000 
15,000 
27,200 


Corre 
Jymph 
245,000 


45,000 
22,700 


peripheral blood leukocyte count in 
one patient with chronic lymphocytic leukemia 
(FLU) varied from 121,000 to 166,000 per cmm., 
and the comparable leukocyte counts in the lymph 
were 17,800 to 40,000 per cmm. 


| sponding | 


Corre 


| sponding | 


blood 


2,080,000 
110,000 
42,100 


Highest 
blood 
count 


2,390,000 
140,000 
67 000 


blood 


| 

| Lowest 
| 

count 


3,110,000 
75.000 
23.800 | 


28 
3 


98 


Plasma cell, 


Lowest 
lymph 
count 


5,000 
5,000 
210 


4 seen 


Corre 
| sponding 
lymph 


| 35,000 


| 10,000 
1,200 


100 


| Corre 
Iyvmph 
5,000 


| 5,000 
210 


sponding 


In another pa- 


11 
PMB, 1 


| Corre 
| sponding 
blood 


4,030,000 
85,000 
1,900 

o4 


| 
| 
| 


Highest 
bk rod 
count 


3,490,000 
| 95,000 
8,300 


80 


3 


5 


| 10 
PMB, 1 
Plasma 
cell, 1 


Lowest 
blood 
count 


4,030,000 
85.000 
1.900 


i 
| | 
2 2 | 
Meta | | | | 44 | | 

Myl | 1| 1 | | 
PME | | | 

Lymph 99 85 | 87 22 | = | 5 

| 11 20 | 
| | | | 
| 
| 
| 

10 

2 | 
1 | 
| | 
a = 38 | — | 28 
25 | | 
| | 
| - 
12 | | = 

2 | 
| 

Meta | ; 
87 | 22 | | 
| | 
ra | | 
Myl 1 | 

PMI | | 
ae = | | 2 44 | 

| | | 1 | 

} 
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Name, Sex, Age 
Diagnosis 


Drainage period 


CLI F 56 
Multiple myeloma 


24 hours 


KIN 


Hodgkin's disease 
5 days 


M16 


BUT M 


Carcinoma mouth 


54 BEA 


7 days 3 


M_ 62 


Carcinoma eck 


days 


DAV 


Lympbosarcoma 


10 days 


F 28 


Others 


— 
Platelets 
WBC 


Differentials in per cent: 
. 


Others 
Lowest ; Lowest Corre Lowest Corre- Lowest 
lymph Coteeeian lymph sponding lymph sponding lymph 
count count bl count blood count 
RBC 700 2,220,000 24,500 3,080,000 5,000 
Platelets 2,000 90,000 8,000 130,000 5,500 
WBC 1,100 2,400 il 3,600 1,600 4,800 4,000 
Differentials in per cent: 
PMN 46 87 83 


50 1 seen 2 100 9 100 

2 10 7 

Plasma cells, 2 
Corre- : Corre- Highest Corre- Highest Corre 
sponding a ee sponding blood sponding blood sponding 

lymph ymph count lymph count ymph 
700 2,220,000 70,000 | 3,580,000 8,000 4,760,000 5,000 
200 90,000 50,000 170,000 1,000 260,000 5,500 
1,100 2,400 400 6,500 3,000 10,300 4,000 

46 9 seen 4 4 


Highest : Highest Corre- Highest Corre- Highest Corre- 
lymph Compeegtins lymph sponding | lymph sponding lymph sponding 
: count = count blood count blood count 1 
RBC 1,000 2,670,000 70,000 3,580,000 7,500 4,330,000 2,000 3,740,000 
Platelets 5,000 60,000 , 170,000 10,500 295,000 2,000 215,000 
WBC 2,900 1,800 6,500 3,500 5,600 5,600 900 
Differentials in per cent: 
PMN 59 9 seen 94 95 88 
Meta 


Highest 
lymph 
count 


5,000 
900 


Corre- 
sponding 
blood 


6,400,000 
7,600 
86 


sponding 
blood 


3,980,000 
210,000 
7,900 


76 


20 
4 
"Highest 
blood 
count 


Corre- 


Lowest 
lymph 


few 


None seen 


Corre- 
sponding 
lymph 

5,000 
900 


count 


Corre- 
sponding 
ood 


3.5 
PMB, 1 


Highest 
blood 
count 


50 1 seen 6 100 2 100 20 100 9 
young 
Mono 2 4 a 
Others Plasma cells, 2 
Corre- Corre- Lowest Corre- Lowest Corre- Lowest Corre- Lowest 
sponding Le oe sponding sponding blood sponding blood sponding bl 
ymp ymph count ymp! count ymph count lymph count 

RBC 1,000 2,670,000 11,500 3,790,000 6,000 3,240,000 few 4,480,000 
Platelets 5,000 60,000 4,000 170,000 1,500 205,000 
WBC 2,900 1,800 150 3,200 1,600 4,800 4,500 5,800 | None seen 7,006 
Differentials in per cent: 

PMN 59 1 seen 69 83 84 8&3 

Meta 


tient who had the same disease (ELM) the periph- 
eral blood leukocyte number fluctuated between 
25,000 and 49,000 per cmm., while that in the 
lymph was found to be 4,200 to 6,200 per cmm. 
The differential leukocyte counts showed smaller 
total numbers of lymphocytes in the lymph than 
in the blood in both cases (Table IT). 


blood. 


On two occasions, the leukocyte level of the 
lymph initially exceeded that found in the venous 
In one patient (KIR) with subleukemic 
lymphocytic leukemia, except for the first 24 hours, 
the leukocyte contents of the lymph and blood both 
varied considerably but in general were approxi- 
mately the same (Figure 3). Similarly, in another 


643 
| 
t 
Myl 
PME 1 2 5 ; 
Lymphs: 
small 2 100 10 100 9 
young 
Mono 2 : 
= 
4,480,000 
7,000 
= 83 
Meta : 
PME 7.5 
Lymphs: 
small 5 
— 
ono 
| 
3,980,000 6,400,000 
210,000 
7,900 7,600 
76 86 
Meta 
Myl 
PME 
Lymphs: 
Myl 
PME 1 1 1 75 
Lymphs: 
small 100 30 1 seen 6 100 9 100 12 5 2 
young 1 seen : 
Mono 11 24 7 3 3.5 : 
Others PMB, 1 
1 
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TABLE 
Calculated total leukocyte flow from the thoracic duct in six patients compared to leukocyte number in the peripheral blood 
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Average leukocyte 
count per cmm. Total leukocyte Body Total leukocyte 


Flow 
d ; Period 24 hours flow per 24 hours weight number in 
Patient Diagnosis of flow ml. In lymph In blood in the lymph in Kg. peripheral bloodt 
FLU Lymphatic leukemia 2days 1,100 25,500 135,000 281108 59.5 56.2 x 10% 
ELM Lymphatic leukemia* 6 hours 900 4,800 38,000 4.3 10% 49.9 13.3 K 10%” 
KIR Lymphatic leukemia 10 days 2,000 5,400 6,000 10.8 10% 68.0 28.5 x 10° 
RAL Mye oblastic leukemia 2 days 1,000 19,500 33,500 19.5 K 10® 78.5 18.4 * 10” 
KIN Hodgkin’s disease 3 days 475 5,500 95X10" 48.5 18.7 « 10° 
HAL Multiple myeloma 12 days 800 2,100 3,500 1.7 10* 59.0 14.5 X 10° 


48 hours previously. 


patient (RAL), a 16-year-old boy with a fulmi- 
nant myeloblastic leukemia associated with chlor- 
omatous tumor formation, the cells in the lymph 
were predominantly small mature lymphocytes 
which had no consistent numerical relationship to 
either the total number or differential leukocyte 
count in the peripheral blood. 

The leukocyte content of the thoracic duct lymph 
in the non-leukemic patients in this study varied 
from 210 to 5,600 per cmm. In three patients with 
leukemia the ly:saph leukocyte count was within 
the normal limits. In one patient (FLU) it was 
slightly higher than the upper limits of that re- 
ported for normal man (3). The lymph count in 
these four leukemic patients was approximately 
10 to 100 per cent of that in the peripheral blood. 

Chemical characteristics. Biochemical studies 
of simultaneously obtained lymph and venous blood 
in vivo were done on six patients. In four patients, 
daily or twice-daily samples were studied for 2 to 
11 consecutive days (Table IV). The chemical 
constituents of the lymph and blood remained re- 
markably constant from day to day during the pe- 
riod of drainage. The globulin content of blood 
consistently exceeded that of the lymph in all pa- 
tients and while the albumin content of the blood 
often exceeded that in the lymph the difference 
was neither as great nor as constant as that of the 
globulin (Table V). The total cholesterol con- 
tent of blood was markedly higher than that in 
lymph, due primarily to the esterified fraction. 
The alkaline phosphatase and thymol turbidity de- 
terminations of the lymph were found to be 7 and 
12 times higher respectively than that of the blood 
in one patient; in another patient the alkaline 
phosphatase values for blood and lymph were 
equal (Table V). The glucose content of lymph 


* Right thoracic duct—major lymphatics in the vicinity of the left jugular-subclavian junction had been ligated 


t Calculated from blood volume estimated at 7 per cent of body weight. 


in one instance was significantly higher than that 
of blood. 

There was no alteration in the clinical or hem- 
atological status, either exacerbation or improve- 
ment, in any patient following the procedure. 


DISCUSSION 


The leukocyte count in the thoracic duct in 
normal man varies from 2,000 to 20,000 per cmm. 
(3), consisting almost totally of lymphocytes 
(Figure 5). This is about 2 to 10 times the num- 
ber of lymphocytes that can be found per cubic 
millimeter at any one time in the peripheral blood. 
The thoracic duct lymph in the normal subject is 
reported to flow between 1,500 and 2,200 cc. in 
each 24 hours which calculates to a delivery of ap- 
proximately 35 x 10° cells per 24 hours into the 
peripheral circulation (3, 9). Since only one- 
third of this number can be accounted for in the 
peripheral blood, it has been assumed that the 
lymphocyte is replaced three times daily and that 
the intravascular life span of the lymphocyte can 
be calculated therefrom (8, 10, 11). Calculations 
of life span of lymphocytes in the peripheral cir- 
culation by this method are based upon the premise 
of a single securely closed circulation consisting of 
the tlow of lymphocytes from the production site 
through the thoracic duct into the blood and thence 
to destruction. There is no consideration of rapid 
removal by sequestration (12), recirculation in 
some organ (13), or return of lymphocytes from 
the peripheral blood back into the lymphatic sys- 
tem (14). If such calculations are valid (and 
there are many reasons to doubt it) (10), the life 
span of the lymphocytes in most of these leukemic 
patients would be expected to be longer than in the 
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THE CHARACTERISTICS OF THORACIC DUCT LYMPH 


Internal jugular Thoracic duct 


ls5x 10° /24hrs 


2 t020,0C0 
Lymphe /cmm. 


Total lymphocyte 


Normal man flow per a4hours 


RBC. 36,000 
WBC. 
Corrected R645 


WRC 533 
ymphs. 250,000 
J.D dé Age 19 


Acute lymphatic 
leukemia 


GIdé Age 50 
Subleukemic lymphatic 
leukemia 


RL Age $3 


Melancsarcoma 


Fic. 5. ScHematic REPRESENTATION OF NorMAL LyMpHocyTE FLow as COMPARED WITH 
THAT Founp IN A NON-LEUKEMIC PATIENT, AND Two PATIENTS wiTH LyMPHAT:C LEUKEMIA, 
ONE wITH A HicH PertpHeraL Boop Leukocyte Count AND ONE WITH A LEUKOPENIA 

The normal flow of lymph through the thoracic duct in man is estimated at approximately 35 
billion lymphocytes per 24 hours. The duct lymphocyte counts in the three patients are approxi- 
mately the same despite marked differences in the peripheral blood. The corrected counts are 
those caused by possible dilution with peripheral blood and show little change. 


non-leukemic individual (15, 16). This would the lymphocytes in this patient with lymphatic 


suggest some defect in the normal destruction or 
removal of the lymphocyte in the leukemic patient 
which would be reflected in a longer than normal 
life span in the intravascular circulation. This 
prolongation of life of the circulating lymphocyte 
may reside within the properties of the cell (17), 
the host or both. 

In dogs, rabbits and cats the ligation of both 
right and left thoracic ducts results in a prompt 
fall in the peripheral blood lymphocyte number 
(18, 19). Similar results have been obtained by 
diverting the lymph flow by thoracic duct cannula- 
tion (20, 21, 22). There was no significant fall 
in circulating lymphocyte number in the two day 
period of drainage in patient ELM in whom the 
right thoracic duct was cannulated after the major 
lymphatics in the left neck had been previously 
ligated. This would suggest that the life span of 


leukemia was longer than the two days of drainage 
period or that his major portal of entry of lympho- 
cytes was from a site other than the thoracic duct. 

Approximately 5 per cent of all the cells in the 
lymph in these studies were found to be lympho- 
blasts which are rarely seen in the circulating 
blood in the normal individual. This absence of 
lymphoblasts suggests either a most rapid change 
within the blood to a small lymphocyte or prompt 
removal from the peripheral circulation. Simi- 
larly, there is a larger percentage of intermediate- 
sized lymphocytes in the lymph than are found 
circulating in normal man. It should be noted 
that the thoracic duct empties just proximal to the 
pulmonary circulation. Attempts to detect any 
increases in lymphocyte number by venous cathe- 
ter sampling at or proximal to the thoracic duct 
opening met uniformly with failure (12). In the 
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patients with granulocytic and lymphocytic leuke- 
mia, granulocytes were found in considerable num- 
bers in the lymph. 

Significant numbers of erythrocytes in the lymph 


were present only in patiznts with the leukemias’ 


and, in general, reflected the hemorrhagic status 
of the patient. In those leukemic patients in 
whom transfusions were given to support a fall- 
ing blood hemoglobin level, the erythrocyte count 
in the lymph also rose, particularly if there was 
little or no improvement of the hemorrhagic com- 
ponent. The factor of an increased permeability 
of the lymphatics or incompetent vein-duct valves 
in the leukemic patient also must be strongly 
entertained. 

The data indicate that the number of leukocytes 
in the thoracic duct lymph in the patients studied 
usually was materially less than that of venous 
blood. Of particular significance was this finding 
in patients with lymphocytic leukemia with either 
high or low leukocyte counts in the peripheral 
blood. Similar findings occurred in one patient 
with myeloblastic leukemia. The non-leukemic 
patients in this study had fewer leukocytes in the 
lymph than reported for normal individuals (3, 


4). The daily total volume of lymph flowing in 
the leukemic patients did not exceed that reported 


in normal subjects (3). Consequently, the total 
number of leukocytes entering the peripheral blood 
daily via the thoracic duct in the four leukemic 
cases in whom accurate lymph flow values were 
obtained did not exceed 35 billion leukocytes, the 
value reported by Drinker and Yoffey (3), to be 
entering the circulation in the normal subject. 

The average number of leukocytes in the lymph 
of eight patients with lymphocytic leukemia, tak- 
ing the highest count, was 64,600 per cmm. while 
the peripheral blood at the same time averaged 
260,900. The ratio of the counts, lymph to blood, 
was 1 to 4. Six of these eight patients had lymph 
leukocyte counts exceeding the 2 to 20,000 per 
cmm. value reported by Drinker and Yoffey (3). 
Similarly, in seven non-leukemic patients the high- 
est lymph count averaged 2,760 with the corre- 
sponding blood count averaging 6,070—a ratio of 
1 to 2.3. 

In his original description of leukemia (23), 
Virchow concluded that leukemia was a disease of 
overproduction of the leukocytes and_ shortly 
thereafter expanded this impression to include the 


BIERMAN, BYRON, JR., KELLY, GILFILLAN, WHITE, FREEMAN, AND PETRAKIS 


thoracic duct as the route by which the excess 
number of cells entered the circulation (24). 
Since this time, many other investigators have 
accumulated other information which supports the 
concept of overproduction of leukocytes. These 
findings are not in accord with this concept of 
leukemia and create a valid doubt that the thoracic 
duct is the major pathway of delivery of the exces- 
sive numbers of leukocytes into the peripheral 
blood in all leukemias, or that the leukocytosis in 
the leukemic patients studied is always a result of 
an increased production of leukocytes delivered by 
the thoracic duct route. The possibility of other 
portals of entry for these cells have not been ex- 
cluded in these studies. Also, the good possibility 
remains that there may be a constant variation 
between rates of production, delivery and removal 
which may make it fortuitous consistently to fail 
to obtain evidence of delivery of excessive numbers 
of cells via any soute. 

It should be emphasized that these data were 
obtained on relatively few patients and therefore 
may not thoroughly represent the variation in lym- 
phocyte flow in man (9). While the numbers of 
leukocytes obtained in the thoracic duct lymph 
probably represent the minimum, since in all but 
one case only the left thoracic duct was cannulated, 
the avoidance of general anesthesia and the mag- 
nitude of the discrepancies between the findings in 
the lymph and venous blood support these inter- 
pretations. The further multiplication of cells by 
rapid division in the circulation after they leave 
the thoracic duct requires consideration before 
any further conclusions can be drawn. 


SUMMARY 


1, Thoracic duct lymph was collected from 11 
cadavers within one hour after death, and from 
10 patients during life for continuous periods of 
2 to 13 days. 

2. The leukocyte count of the lymph varied from 
210 to 5,600 leukocytes per cmm. in six non-leu- 
kemic patients studied during life. 

The lymphocyte count in lymph in the leukemic 
patients during life usually did not exceed the lym- 
phocyte count in the venous blood. In one pa- 
tient with subleukemic lymphocytic leukemia for 
the first of 11 days the leukocyte count of the lymph 
exceeded that of the peripheral blood. 
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3. The findings of the studies conducted post 
mortem in 11 patients, 10 of whom had ieukemia, 
were similar to those obtained in vivo. In three 
patients, the lymph leukocyte count exceeded or 
equalled that in the blood. In the remaining eight 
patients, six of whom had lymphocytic leukemia, 
the peripheral blood leukocyte number exceeded 
that found in the lymph. 

4. The erythrocyte number in the thoracic duct 
lymph obtained from patients with the leukemias 
was considerable, ranging up to 1.5 millic= per 
cmm. The erythrocyte count in the lymph of the 
non-leukemic patients was generally insignificant. 
The lymph platelet number varied considerably 
in both groups (1,000 to 95,000 per cmm.) and 
never rose to the level found in the venous blood. 

5. The chemical composition of thoracic duct 
lymph closely approximated that of blood plasma 
with slightly reduced values for albumin and globu- 
lin. The antithrombin and prothrombin content 
of thoracic duct lymph in two patients in whom it 
was measured was comparable to that found in the 
venous blood. The cholesterol ester content of the 
lymph exceeded that of blood. 

6. No beneficial or deleterious effects of the pro- 
cedure were observed on the clinical or hemato- 
logical course of the patients studied. 
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STUDIES IN INTRAVASCULAR COAGULATION. 


II. A COMPARI- 


SON OF THE EFFECT OF DICUMAROL AND HEPARIN 
ON CLOT FORMATION IN ISOLATED VENOUS 
SEGMENTS! 


In a previous report (1) a method of preparing 
isolated blood-filled venous segments in the dog 
was described. Intravascular coagulation was 
studied by determining clot appearance, prothrom- 
bin consumption, accelerator formation and plate- 
let disappearance within these segments. Of par- 
ticular interest was the observation that a fibrin 
clot developed prior to the disappearance of dem- 
onstrable amounts of prothrombin or the elabora- 
tion of measurable quantities of clot accelerators. 
Since dicumarol-induced hypoprothrombinemia is 
currently employed to inhibit or retard intravascu- 
lar coagulation in man, it became important to 
ascertain whether induced hypoprothrombinemia 
actually was associated with retarded fibrin deposi- 
tion in vivo under the same experimental condi- 
tions. For purposes of comparison the effect of 
heparin was also studied. 


OBSERVATIONS 


Dicumarol was administered orally to 18 dogs. After 
two-stage prothrombin concentrations (2) were decreased 
to values ranging from 29 to 2 per cent of the control level, 
the external jugular and femoral veins were exposed, 
isolated, and their contents examined as previously de- 
scribed (1). In brief, all demonstrable tributaries to 
these veins were carefully ligated and cut so that the ves- 
sels were entirely freed from surrounding structures. 
Continuity of each vein with the remainder of the cir- 
culation was then interrupted by the careful application 
of small clamps at each end of the freed segment. At 
selected intervals vein segments were remuved from the 
animal and by release of one clamp the contents were 
emptied into clear shallow glass dishes containing 2 to 3 
ce. of 2.5 per cent citrate. These dishes were carefully 
inspected for the presence or absence of a gross clot. Be- 
cause in untreated animals clotting always occurred in 


1 This investigation was supported by the Medical Re- 
search and Development Board, Office of the Surgeon 
General, Department of the Army, under contract No. 
DA-49-007-MD-220. 
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segments isolated for one and one-half hours (1), the 
failure of a clot to develop within 90 minutes after isola- 
tion of a segment was accepted as evidence of clot in- 
hibition. 

Since in clinical practice the degree of hypoprothrom- 
binemia is usually estimated by the one-stage method, such 
determinations (3) also were carried out in eight animals. 
In each such instance prothrombic activity was reduced 
to less than 12 per cent. Although in most dogs the de- 
gree of induced hypoprothrombinemia was far in excess 
of that attained therapeutically in man, in vivo clotting 
in the isolated venous segment was not significantly re- 
tarded (i.e. more than 90 minutes) except in one animal 


TABLE I 
DICUMAROL AT TIME VEIN ISOLATED GROSS CLOT 
DOSAGE PROTHROMBIN (%) SPCA WIT HIN 
mg/kg 2-stage i-stage % 90 MIN 
17,6 2 1 0 0 
13.4 5 - 
18.7 7 - 0 
4.4 8 13 20 . 
17.6 9 2 0 ¢ 
18,0 10 4 0 . 
3.7 10 # 
9.0 11 0 ¢# 
‘3 8 28 
18.7 15 0 
18.3 12 0 
9.0 13 9 70 r 
9.5 17 12 17 4 
26 - - 
7.5 26 - 
4.0 29 é 
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(Table I). In this dog the coagulation defect was greater 
than in any of the other animals: the two-stage prothrom- 
bic activity was 2 per cent and the one-stage activity less 
than 1 per cent of the control values; the clotting time 
was prolonged to three hours. 

The possibility was considered that serum prothrombin 
conversion accelerator activity (SPCA) had not been 
adequately depressed by the dicumarol and was responsible 
for the prompt clotting in the dicumarolized segments. 
However, estimations of serum SPCA activity by the 
method of Alexander (4) in twelve of the dicumarolized 
dogs revealed no SPCA activity in eight (Table 1). 

The effect of heparin in therapeutic doses was studied 
in 17 dogs (Table II). In ten of eleven animals, in which 
the vein was isolated 30 to 60 minutes after the adminis- 
tration of heparin, clotting did not appear within the 
vein segment for 90 or more minutes. In all eleven ani- 
mals, Lee-White (5) clotting times at the moment of iso- 
lation ranged from four to more than 36 times the control 
values. When the period of time from the administration 
of heparin to the isolation of the segment was increased 
to two hours significant retardation of in vivo clotting 
could still be detected in three of six dogs. In none of 
these six animals did the Lee-White in vitro clotting times 
exceed twice the control value. 

In the dicumarolized dogs there was such extensive 
oozing into the operative wounds, that it was impossible 
to maintain adequate hemostasis during the time period 
necessary for the isolation of the vein segments. Since 
bleeding to a similar extent did not occur in the hepari- 


DICUMAROL FINAL 


DOSAGE PROTHROMBIN WITHIN 


MG/KG 2-STAGE (%) 90 MIN 
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TABLE Ill 


GROSS CLOT HEPARIN 
DOSAGE 


MG/KG 


HEPARIN INITIAL AT TIME VEIN ISOLATED GROSS CLOT 

DOSAGE CLOTTING HRS AFTER CLOTTING WITHIN 

MG/KG TIME (MIN) HEPARIN TIME (MIN) 00 MIN 
2.2 5 3 1804 
10 1 105 
4.8 17 60 
11 9 1 
6 1 a4 
0.55 10 30 
11 17 2 20 
17 2 33 
is 2 20 
1.8 3 18 9 


nized dogs, it was felt that hemorrhage or its sequelae may 
have been a factor in the observed differences between 
the effects of the two anticoagulants. Consequently in 
eight additional animals, in which large doses of di- 


INITIAL AT TIME VEIN ISOLATED GROSS CLOT 


CLOTTING HRS.AFTER CLOTTING WITHIN 


TIME (MIN) HEPARIN TIME (MIN) 90 MIN 


26 
2 23 


3 20 


17 1 60 
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TABLE ll 
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18.7 7 0.55 
2 33 
2 16 0 
18.0 12 0.55 16 1 25 0 
9.0 13 ‘4 18 1 11 
2 24 0 
3 20 4 
2 28 
3 18 ‘ 
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cumarol were given and in which the development of 
clot within 90 minutes was demonstrated, heparin was sub- 
sequently administered and additional segments isolated 
one, two and three hours after injection of the latter 
drug. In these animals clots did not develop until more 
than 90 minutes had elapsed in segments isolated one and 
two hours after heparinization (Table II]). Coagulation 
was not significantly retarded in any vein segments iso- 
lated three hours after heparinization, despite the con- 
comitant hypoprothrombinemia. There was, therefore, 
no evidence that dicumarol had even potentiated the clot 
retarding effect of heparin. 


DISCUSSION 


It has been previously reported from this labora- 
tory that only small amounts of prothrombin need 
be present in the blood to produce a fibrin clot in 
the isolated vein segment of the dog (1). Data 
presented in this paper have shown that severe di- 
cumarol-induced hypoprothrombinemia and SPCA 
deficiency do not retard markedly fibrin deposition 
in an isolated segment of vein unless sufficient di- 
cumarol has been administered to prolong greatly 
the in vitro Lee-White clotting time of the blood. 
In contrast, heparin in therapeutic doses signifi- 
cantly retarded intravascular coagulation in simi- 
larly prepared venous segments. 

It should be clearly understood that these obser- 
vations do not preclude the possibility that di- 
cumarol retards intravascular thrombosis nor do 
they demonstrate that heparin is an ideal antico- 
agulant. Failure to demonstrate clot inhibition 
with dicumarol may be inherent in the method em- 
ployed. It can reasonably be argued that slight 
retardation of clotting in individual segments was 
overlooked by applying the rigid criteria of 90 
minutes delay in gross clotting. Moreover, under 
the conditions of the experiment the blood in the 
segment was completely stagnant and _ isolated 
from the remainder of the circulation. Finally, 
the transient anticoagulant effect of heparin was 
readily apparent. The present study does show, 
however, that under comparable conditions the 
anticoagulant effect of heparin is superior to that 
of dicumarol. Similar findings have been reported 
by others (6, 7). 

There is, of course, ample evidence that di- 
cumarol does exert a retarding influence on blood 
coagulation tn vitro (8-10) and on the develop- 
ment of experimental intravascular thrombosis in 
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animals (11-18). In addition, statistical studies 
in man indicate that the drug produces a signifi- 
cant reduction in thromboembolism (19-21). 
Bingham, Meyer and Pohle (22) and Rogers, 
Barrett and Lam (18) found, however, that mod- 
erate degrees of dicumarol-induced hypoprothrom- 
binemia did not significantly reduce the incidence 
of thrombosis in dogs. When the one-stage pro- 
thrombic activity was less than three per cent by 
the method of Quick (23), Rogers, Barrett, and 
Lam (18) observed not only a marked inhibition 
of thrombosis but also an important increase in 
hemorrhagic complications. Richards and Cortell 
(12) also successfully inhibited intravascular 
thrombosis with dicumarol dosages that were as- 
sociated with extensive hemorrhage. 

It is important to recognize that there may be a 
profound dissociation between bleeding and clot- 
ting. Our dicumarolized dogs, for example, he- 
morrhaged profusely during the operative proce- 
dures required to expose the vein segments, yet 
clotting appeared unaffected within the isolated 
vein. In man, clinical states such as polycythemia 
vera (24) and thrombotic thrombocytopenic pur- 
pura (25) may be attended by both hemorrhage 
and thrombosis. It has been reported that a pro- 
thrombin concentration of between 5 and 10 per 
cent determined by the method of Rosenfield and 
Tuft (3) can usually be regarded as safe (26), 
and that at this level coagulation is retarded (27). 
What is not known is how effective such levels are 
against thrombotic disorders. 

In the prophylaxis and treatment of thrombo- 
embolism there is a constant search for more ef- 
fective therapy. That thrombosis may occasionally 
“break through” apparently adequate dicumarol 
therapy has been reported by Wright (28). Un- 
til it is clearly demonstrated that the pathogenesis 
of thrombosis is the same in congestive failure, 
in post-operative and post-partum states, in malig- 
nancy and in apparently healthy individuals, one 
cannot assume that hypoprothrombinemia will pro- 
vide equally effective therapy in all these condi- 
tions. It is certainly not easy to translate the re- 
sults of experimental studies in animals to clini- 
cal practice. Nevertheless, the significance of the 
study herein reported lies in the observation that 
substances such as dicumarol, which depress that 
part of the coagulation sequence concerned with 
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prothrombin conversion, may not provide as opti- 
mal an anticoagulant effect as heparin-like com- 
pounds which block fibrin deposition through other 
mechanisms (29-32). 


SUMMARY 


In experiments designed to study intravascular 


clotting in the isolated venous segment of the dog, 
the anticoagulant effect of heparin was found to be 
superior to that of dicumavol. 
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l-hydrazinophthalazine (“Apresoline”) has been 
shown to lower the blood pressure and augment the 
renal blood flow in certain hypertensive patients 
(1,2). Although the drug induces vasodilatation, 
its exact mechanism of action requires further 
study. Some evidence suggests that it may sup- 
press the sympathetic vasoconstrictor reflexes 
which cause the “overshoot” in arterial pressure 
following the Valsalva maneuver (3). Also it 
appears to have the capacity of inhibiting pressor 
substances of either renal (4) or cerebral (5) 
origin, 


The present study was undertaken in order to 
measure the effect of this drug, given intramus- 
cularly, on cerebral blood flow, cerebral vascular 
resistance, cerebral oxygen uptake and jugular 
venous oxygen tension of patients with essential 


hypertension. For comparison, other patients 
were given a placebo. The effects of ‘“Apresoline”’ 
have been compared with the changes observed 
after the placebo and during the hypotension in- 
duced by differential spinal sympathetic block 
(6), 20° head-up tilt (7), dihydroergocornine 
(8), protoveratrine (9), and sympathectomy (10). 


METHODS 


1. Choice of subjects: Seven patients with essential hy- 
pertension were selected from the medical and surgical 
wards of the Hospital of the University of Pennsylvania 
for the “Apresoline” study. Two patients were in the 
Group I life expectancy classification of Smithwick (11), 
three were in Group II and two were in Group IV (poor- 
est prognosis). 


1 This investigation is being supported in part by re- 
search grants from the National Heart Institute, U. S. 
Public Health Service (H-361), and the Ciba Pharma- 
ceutical Products, Inc. 


The placebo injection study group consisted of the 
following six patients: one in Group I, three in Group II 
and two in Group IV. Five additional patients were stud- 
ied after subtotal adrenalectomy (12) (approximately 
88-98 per cent) before and after the placebo. The pre- 
adrenalectomy grouping of these patients with severe hy- 
pertension and vascular complications was: one in Group 
II and four in Group IV. They were selected at random 
without regard to their postoperative blood pressure 
level. All patients were ambulatory and required corti- 
sone or cortisone and desoxycorticosterone at the time 
of the initial postadrenalectomy study. One patient, I. B. 
(Table II), was tested 3 and 12 months after operation. 
These patients were tested to see whether patients with 
adrenalectomy responded differently after the placebo in- 
jection as to mean arterial pressure, cerebral blood flow 
and oxygen consumption and jugular venous oxygen ten- 
sion. These patients are shown below the heavy line 
in Table IT. 

2. Technique of study: Cerebral blood flow and oxygen 
consumption were determined in the supine position by 
the nitrous oxide method (13). Mean femoral arterial 
pressure was measured through an indwelling femoral 
arterial needle. Analyses of blood gases were made by 
methods reported previously (13, 14). Hydrogen ion 
concentration of arterial and venous blood was measured 
anaerobically at room temperature and corrected to 37° 
C. (15). Hemoglobin concentration was measured with 
the Evelyn colorimeter and the oxygen capacity calcu- 
lated therefrom. The derived jugular venous oxygen 
saturation and jugular venous blood pH allowed an es- 
timation of jugular venous oxygen tension from the data 
of Dill (6. 16). This estimation is assumed to vary di- 
rectly with cerebral oxygen tension (17). The drug 
was injected intramuscularly immediately upon comple- 
tion of the control observations. 

3. Dosage of drug and placebo: The dosage of 1-hydra- 
zinophthalazine ? varied from 0.14 mgm. to 0.36 mgm. per 
kilogram of bodyweight (total dose 10 to 20 mgms.). 
Four patients received 14 mgms. or less. The second 


2 Generous supplies were made available by F. L. Mohr, 
M.D., of Ciba Pharmaceutical Products, Inc., Summit, 
New Jersey. 
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cerebral blood flow measurement was made between 50 
and 70 minutes after the intramuscular injection. By 
this time the arterial pressure had become stabilized at its 
lowest level or had begun to rise. 

The patients in the placebo experiment were given 1.0 
ce. of 0.9 per cent NaCl solution intravenously after the 
control study. The second study of the cerebral circula- 
tion was made 60 minutes later. The patients were told 
that a substance had been given which would lead to a 
more relaxed feeling. The apparent state of nervous 
tension of the subject during the initial and subsequent 
study was estimated. 


TABLE I 
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RESULTS 


Tables I and II contain the results obtained in 
each test. The initial mean values, mean changes 
and standard deviations of each group are sum- 
marized in Table III. The reductions in mean ar- 
terial pressure, cerebral vascular resistance and 
arterial carbon dioxide tension induced by I-hydra- 
zinophthalazine were the only significant changes 
(p < 0.02). 


Effects of intramuscular I-hydrazinophthalazine on cerebral circulation and oxygen metabolism of 


patients with essential hypertension 


Carbon dioxide 


Oxygen 


Blood pH 37° C. 


Content Tension Content Tension | Saturation 
Smith- volumes % mm. Hg volumes UY mm. He | % oxy 
Patient | Sex | Age | wick 
group 
Arterial Venous Arterial | Venous | Arterial Venous Arterial Venous | Venous Venous 


B 
“30 
34 
30 
34 
41 


TABLE 1—Continued 


Cerebral 


Pulse Respiratory 


Oxygen Vascular 


Blood 
Patient | Sex | Age | wick flow (X)* | uptake (X) | resistancet 


T 
Respiratory press. minute minute 


rate rate 


quotient mm. He Mgm. Mgm. 


39 IV 70 61 47 39 21 1.3 


47 


(X) ce. 
t 
Sete 100 grams brain per minute. 
study before drug injection. 
A denotes study made after Guat injection. 


r 100 grams per min. 


vascular resistance is mean arterial pressure divided by cerebral blood flow expressed as mm. Hg per cc. 


| 
“ag 
ae 
ela 
HR. | F | 21 | 1 41 | 34 | 52 | 37 | 7.50] 7.57 7.42) 7.52 | 21.1 | 21.5] 12.7 | 17.5 38 | 61 90 
A.C. | F | S0 | 45 | 36 | 57 | 39 |7.41| 7.48 | 7.33 | 7.43 | 18.7 | 18.6] 12.5 | 11.8 29 | | 57 
N.M.| F | 52] 43 | 37 | 54| 42 | 7.36] 7.43| 7.43 | 7.39| 15.7|15.7/10.5| 11.6 31 | 60 | 64 
40 | 39 | 48 | 42 |7.40|7.40|7.43| 7.35 | 18.2|18.4|12.1/ 12.5 35 | 61 | 63 
| 47.5|45.3|54.0|50.5| 45 | 42 | 48 | |7.33| 7.36|7.29| 7.31 | 19.0] 19.6| 12.7| 13.6 38 | 06 | 66 
| M | 44] af | 53.2] 49.7] 58.7/53.3| 47 | 41 | 60 | 47 | 7.36| 7.42| 7.30| 7.37 | 18.5 | 18.3 | 12.4] 12.9 41 | 70 | 74 
A.M. | F | 39 | IV. 49 | 42 | 64 | So | 7.40| 7.44| 7.35 | 15.7| 14.8] 9.0] 8.4 
v.j. | F | 47] Iv 41 | 35 | So | 41 | 7.46] 7.52| 7.39] 7.46 | 17.9| 17.7] 11.8| 12.0] 34 | 31 | 64 | 65 
Dosage 

Bia 
H.R. | F | 39 | 47 | 33 | 19 | 40 | 3.0 | 1.06 | 1.28 | 155 | 141 | 90 | 105 | 18 | 19 | 10 | 0.18 
: aA.c. | F | so} 1 | 69 | s2 | 43 | 36 | 2.0 | 2.0 | 0.92 | 0.24 | 137 | 106 | 78 | 84] 16 | 20 | 12 | 0.20 
N.M.| F | 52] u | ss | 79 | 29 | 39 | 2.7 | 1.3 | 1.27 | 1.00 | 146 | 103 | 66 | 76] 14 | 14 | 14 | 0.20 
u | 49 | 67 | 30 | 40 | 2.3 | 16 | 0.77 | 080 | 113 | 108 | 72 | 69 | 12 | 14 | 10 | O18 
is mu | 77 | os | 49 | 40 | 1.9 | 20 | 1.03 | oss | 147 | 131 | 72 | 76 | 16 | 19 | 17 | 0.24 
uc. |M | 40 | 42 | 27 | 22 | 3.5 | 26 | 0.90 | 067 | 140 | 108 | 64 | 64] 16 | 20 | 13 | 0.14 

A.M. | F 0.21 | 1.00 | 148 | 81 | 87 | 85 | 16 | 16 | 20 | 0.36 
| F | | iw | 4s | 42 | 28 | 24 | 36 | 3.0 | 0.70 | 0.81 | 162 | 127 | 90 | 114 | 28 | 28 | 18 | 0.25 
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TABLE I 
Effects of intravenous placebo on cerebral circulation and oxygen metabolism of 
patients with essential hypertension 
Carbon dioxide Oxygen 
Blood pH 37° C. 
Content Tension Content Tension | Saturation 
Smith- volumes Y mm. Hg volumes % mm. Hg | % oxy Hb 
Patient | Sex | Age | wick 
group 
Arterial Venous Arterial | Venous | Arterial Venous Arterial Venous Venous Venous 
E.Z M | 40 I 47.6 | 47.9| 51.5} 53.2] 45 | 41 | 50 | | 7.37] 7.40] 7.34] 7.33 | 17.81 17.7] 13.1/ 12.1] 37 | 34] 66 | 61 
B. S. M 32 II | 48.9] 51.6] 58.0/59.5| 45 | 45 | 60 | 56 | 7.37] 7.39] 7.29 | 7.34 | 20.6 | 20.1] 10.7] 11.6] 29 | 30 | 49 | 53 
wW.P. | M | 39 II] | 48.6} 48.7] 51.6] 51.2] 46 | 33 | 54 | 40 | 7.34] 7.52] 7.31] 7.44| 20.1] 19.7] 16.5]17.0] 55 | 53 | 84 | 86 
M.M.| F | 42 II | 42 | 46 | 54] 55 | 7.40] 7.37] 7.32 | 7.31] 17.1] 16.5| 10.9] 10.8] 34] 35 | 60 | 61 
G.G. | M | 50 IV | 44 | 39 | St | 47 | 7.38] 7.43| 7.33] 7.37] 14.1] 14.3] 9.4] 8.9] 37135 | 64 | 62 
56.2 | 58.6 | 62.3|65.0| 47 | SO | 54 | 62 | 7.40] 7.38| 7.35|7.32|15.2|14.7] 8.7] 7.9] 32] 31] 58 | S4 
| 50 
$1.0] 52.9] $6.3|57.1| 45 | 49 | 5S | 54 |7.35| 7.36) 7.29|7.31| 14.8|14.7|] 9.0| 8.4] 34] 33 | 58 | 56 
S.W. | M | 47 IV | 32.5] 33.0] 38.6] 40.2] 38 | 33 | 45 | 45 | 7.26] 7.31| 7.20] 7.24/ 17.3]17.4]10.4| 9.8] 37] 33 | | 58 
40.5 | 41.9] 47.2/48.5| 31 | 33 | 40 | 41 | 7.44] 7.43] 7.38|7.37| 14.9115.2] 8.2] 8.3] 27] 29] St | 53 
B. 44 -|——|—_-| |__| — 
42.2 | 42.3 | 48.9| 49.7] 37 | 40 | 44 | 49 | 7.37] 7.34] 7.3217.28| 15.5114.9| 7.9] 8.2] 30] 34] 52 | 58 
T.Cc. | M 43 IV | 44.7] 44.1]52.8|53.0} 46 | 41 | 48 | 52 | 7.311 7.36] 7.26] 7.31 | 19.4] 19.5] 11.3] 11.2] 36 | 34] 61 | 60 
E.D. | M 43 II | 47.3 | 47.3 | 52.2|}53.0| 42 | 42 | 52 | 50 | 7.38] 7.38] 7.31 | 7.33] 18.0] 17.6] 12.9] 12.2] 39 | 36 | 68 | 64 
TABLE 11—Continued 
Cerebral 
Pulse Respiratory 
rate rate 
Months 
Smith- Blood Ox Mean art. per 
ygen Vascular Respiratory after 
Patient | Sex | Age | wick flow (X)* uptake (X) | resistancet quotient peers. minute minute adrenal- 
group mm. Hg ectom 
y 
B A B A B A B A B A B A B A 
£.Z M | 40 I 95 70 | 4.5 | 3.7 | 1.37] 1.78 | 0.83 | 0.95 | 127 | 115 | 64 68 12 15 
B.S. M | 32 II 49 46 | 49 | 3.9 | 2.8R | 2.9R | 0.92 | 0.93 | 135 | 133 | 66 60 14 12 
W.P. | M | 39 II 32 52 1.2 | 1.4 | 5.6T | 3.2R | 0.83 | 0.93 | 178 | 166 | 87 83 17 17 
M. F | 42 II 80 72 | 50 | 4.1 | 1.68 | 1.72 | 0.90 | 0.98 | 125 | 123 | 72 72 24 24 
G.G 50 IV 82 67 | 3.9 | 3.6 | 2.08 | 2.58 | oss | 0.80 | 170 | 170 | 92 88 24 16 
52 52 | 3.4 | 3.5 | 3.48 | 3.0R | 0.94 | 1.05 | 175 | 158 | 80 64 13 16 
A. F. F | 50 IV 
64 54 | 3.7 | 3.4 | 1.88 | 2.2R | 0.92 | 0.67 | 116 | 121 | 64 | 60 16 16 12 
S.W. | M | 47 IV 49 60 | 34 | 46 | 248 | 2.18) 0.88 | 0.94 | 116 | 126 | 72 78 18 22 15 
44 58 | 2.9 | 40 | 2.77 | 2.18 | 1.00 | 0.96 | 119 | 123 | 80 | 84 8 8 3 
44 so | 3.3 | 3.4 | 2.68 | 2.38] 0.88 | 1.09 | 116 | 115 | 76 78 14 20 12 
T.C. | M | 43 IV 72 | 38 | 58 | 3.1 | 1.5%] 2.77] 1.01 | 1.07 | 107 | 102 | 78 78 16 16 6 
E.D. | M | 43 II 86 | 83 | 44 | 45 | 148 | 1.48 | 0.96 | 1.06 | 116 | 116 | 64 68 12 15 3 


* (X) cc. per 100 grams per minute. 


¢ Cerebral vascular resistance is mean arterial pressure divided by cerebral blood flow expressed as mm. Hg per cc. 


blood per 100 grams brain per minute. 
denotes study ‘aan! before placebo injection. 
A denotes study made after placebo injection. 
indicates that the patient appeared tense during the procedure. 


R indicates that the patient appeared relaxed during the procedure. 
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TABLE III 


Mean changes and standard deviation of individual differences in cerebral hemodynamics and oxygen metabolism of 
Loe patients with essential hypertension after tests with A presoline and placebo 
Significant reductions were observed in mean arterial pressure, cerebral vascular resistance and arterial carbon 


dioxide tension (p < 0.02) after ‘Apresoline.” 


No essential changes were noted after the placebo injection. 


Mean Cerebral 
arterial vascular 
Patient group pressure resistance 


and num 
observations 


Arterial 
Cerebral Cerebral Jugular carbon 
lood oxygen oxygen dioxide 
flow uptake tension tension 

B A B A 


Essential 
hypertension 
with 
“Apresoline”’ 
8 


Essential 


34 44 38 


ed ae 152 144 2.8 2.9 65 60 3.8 3.4 37 36 45 42 
wit 
placebo -8+ 7 -0.3 + 1.1 —-5 + 12 —-0.4 + 1.7 -1+ 2 -3 + 6 


(6) 


After subtotal 
adrenalectomy 
with 


115 


22 § 


Jnits are as in Table I. 


Signifies statistically significant reduction (p < 0.02). 


Figures in parentheses denote number of observations in each group. 
In each group of patients the figures shown represent in the first line under B, the mean values before the injection, 
and under A, the mean values after the injection. In the second line are shown the mean changes with the direction 


I. Intramuscular 1-hydrazsinophthalazine in pa- 
tients with essential hypertension 


Mean arterial pressure of this group was re- 
duced from 144 to 113 mm. Hg approximately 60 
minutes after an average dose of 14 mgms. (Table 
III). Cerebral blood flow, oxygen uptake and ve- 
nous Oxygen tension were unchanged. No un- 
pleasant reactions were observed. Pulse rate in- 
creased. The data of the individual tests are pre- 
sented in Table I. 


II. Intravenous saline placebo 
A. In patients with essential hypertension 


The data of the individual patients are shown 
in Table II. Repetition of the observations 60 
minutes after the intravenous injection of saline 
solution showed no significant differences from 
the initial measurements (Table II]). There was 
no consistent change which could be correlated 
with the patient’s apparent state of nervous ten- 
sion. Two patients appeared to become more re- 
laxed after the placebo. Vascular resistance in- 


denoted by plus or minus and the mean changes are followed by the standard deviation of the individual differences. 


creased slightly in one (E. Z., Table IL) and de- 
creased markedly in the other (W. P., Table IT). 


B. In patients who had undergone subtotal 
adrenalectomy alone or combined with sympathec- 
tomy 


The individual observations are shown in Table 
II and the mean changes are presented in Table 
III. There were no significant changes in the 
cerebral functions measured in these patients one 
hour after the intravenous saline injection. 

One patient (A. F., Table I1) was tested with 
the placebo injection both before and after adrenal- 
ectomy-sympathectomy. Minimal changes fol- 
lowing the placebo were observed both before and 
after operation. Cerebral venous oxygen tension 
in this patient was markedly stable (31 to 34 
mm. Hg). 

I. B. was tested three months and again at 
twelve months after operation. A slight decrease 
in resistance was observed after the placebo in 
each study. This patient was tense during the 
control cerebral blood flow measurement in the early 
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EFFECTS OF HYDRAZINOPHTHALAZINE ON CEREBRAL BLOOD FLOW 


postadrenalectomy study, but not during either 
the control or the post-injection measurements 
made twelve months after adrenalectomy. Re- 
sistance decreased more after the placebo in the 
earlier study. Although the mean change in cere- 
bral blood flow ia this group was small and not 
significant, one patient, T. C. (Table II), had a 
reduction of flow almost’ twice the standard de- 
viation of this group. The arterial carbon dioxide 
tension of this patient was reduced from 46 to 41 
mm. Hg as he grew more restless at the end of 
the 60 minutes. This may account for the reduc- 
tion in cerebral blood flow (18). 


DISCUSSION 


Mean values in Table III indicate that cerebral 
blood flow was unchanged after “Apresoline” at a 
time when the arterial carbon dioxide tension was 
significantly reduced. The 25 per cent reduction 
in cerebral vascular resistance induced by the 
drug is all the more impressive because the reduc- 
tion in arterial carbon dioxide tension would tend 
to increase cerebral vascular resistance (18). The 
data of Table III show a tendency for cerebral 
blood flow to decrease after the saline injection in 
both groups. This was not observed after l-hydra- 
zinophthalazine. 

Reubi found the renal vascular resistance to be 
reduced 40 per cent about 45 minutes after an in- 
travenous injection of 10 to 20 mgms. of |-hydra- 
zinophthalazine (1). The mean arterial pressure 
of his patients was lower than that of the group we 
studied, and was reduced by about 15 per cent of 
the pre-injection level. 

Comparative data have been collected on pa- 
tients with essential hypertension when hypoten- 
sion in the cerebral arterial system was induced 
by other drugs (8, 9), sympathectomy (10), or 
twenty degree headup tilt for 20 minutes. The 
mean reduction in cerebral vascular resistance in- 
duced by 1I-hydrazinophthalazine appears to be 
the same (about 25 per cent) as that induced by 
dihydroergocornine and intravenous protovera- 
trine. 

Reduction in mean cerebral blood flow was ob- 
served in patients with essential hypertension only 
after the extreme pressure drop of differential 
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spinal block. The second flow measurements were 
made when the arterial pressure appeared to be 
stabilized, however, and mean oxygen uptake was 
unchanged. A slight increase in mean oxygen up- 
take was observed during the head-up tilt. In 
several of these studies, a reduction in the mean 
oxygen content of the internal jugular venous 
blood was observed even though the cerebral 
oxygen uptake was unchanged (6, 7, 10). 

Such observations raised the question as to 
whether the mean decreases in cerebral venous 
oxygen content were associated with significant 
reductions in jugular venous oxygen tension (6). 
This uncertainty led us to measure indirectly oxy- 
gen tension, thus defining the range of “cerebral 
oxygen tension” and cerebral blood flow in pa- 
tients with essential hypertension under the con- 
ditions of these experiments. 

The relatively close agreement of the measure- 
ments in the two groups, as indicated by both mean 
and individual data, is reassuring when one con- 
siders the large number of possible biological, ex- 
perimental and analytical variations. These ob- 
servations appear to afford a better baseline for 
the interpretation of real changes in future studies 
designed to clarify the influence of varying blood 


gas tensions on the increased cerebral vascular 
tone of patients with essential hypertension. 


SUM MARY 


Eight measurements of arterial and internal 
jugular blood gases, cerebral blood flow, oxygen 
uptake and venous oxygen tension were made in 
seven patients with mild essential hypertension be- 
fore and after a reduction in mean arterial pres- 
sure induced by intramuscular 1-hydrazinophthal- 
azine (““Apresoline”’). 

The high cerebral vascular resistance of essen- 
tial hypertension was reduced, This was associ- 
ated with a slight reduction in arterial carbon diox- 
ide tension. Cerebral blood flow, oxygen uptake 
and venous oxygen tension were unchanged after 
the drug. 

The data obtained in the “Apresoline” study 
have been compared with measurements made be- 
fore and after a placebo injection in six other pa- 
tients with essential hypertension, Five patients 


‘ 
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who had subtotal adrenalectomy previously were 
also tested. The observations after the placebo 
disclosed no significant differences from the ini- 
tial mean values in each group. Cerebral blood 
flow and oxygen consumpticn remained constant. 

The reduction in the cerebral vascular resist- 
ance of hypertensive patients after ‘“Apresoline” 
was sufficient to allow cerebral blood flow and oxy- 
gen consumption to remain constant and was com- 
parable to that observed during the hypotension 
induced by dihydroergocornine and protoveratrine. 
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QUANTITATIVE FRACTIONATION OF COMPONENT PROTEINS 
OF HUMAN SERUM WITH CATIONIC DETERGENTS! 


By RALPH F. JACOX 2 


(From the Department of Medicine, University of Rochester School of Medicine and Dentistry, 


In a preceding report (1) it was shown that 
variations in turbidity result when a cationic de- 
tergent such as octadecyl dimethyl benzyl am- 
monium chloride (Octab) * is added to serum di- 
luted in a collidine buffer of pH 6.8. These varia- 
tions were found to be related to protein alterations 
resulting from acute infections. In acute rheu- 
matic fever, for example (2), serum turbidity with 
the cationic detergent was greatest during the acute 
phase of the infection, and during subsidence of 
rheumatic activity a decreased turbidity resulted. 

The present investigation is an extension of a 
study of the reaction of cationic detergents with 
different serum protein fractions. It will be shown 
that a quantitative assay of the alpha globulins, 
total globulins and the total protein fraction can be 
made. From these determinations it is then pos- 
sible to calculate the concentration of albumin and 
the beta and gamma globulin fractions. This re- 
port describes the techniques utilized to produce 
differential protein precipitation with octadecyl 
dimethyl benzyl ammonium chloride. Protein as- 
says of sera by Tiselius electrophoresis have been 
made. Results of the electrophoretic and deter- 
gent assays are compared to establish the accuracy 
of the latter method. 


METHODS 


The possibility that differentiation of the component 
proteins of human serum might be accomplished became 
evident in experiments wherein increasing amounts of 
diluted NaOH were added to a mixture of diluted serum 
and a cationic detergent. In such a system there is little 
or no precipitation when the pH is 4.0. As the pH is 
slowly increased, there are three distinct increments of 


1 Research carried out under a grant for the study of 
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3 All of the cationic detergents utilized were obtained 
through the generosity of Mr. Wellington Rounds, Fair- 
field Laboratories, Plainfield, New Jersey. 
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density. Between these increments there are intervening 
plateaus where there is little change in density associated 
with slight increase in pH. These plateaus develop at pH 
7.0 to 7.5, pH 9.5 to 10.0 and pH 11.5 to 12.0. When rela- 
tively homogeneous proteins such as fraction IV-1 (con- 
taining mostly alpha 1 and alpha 2 globulin), gamma glob- 
ulin and albumin are employed, it is observed that frac- 
tion IV-1 reacts with a cationic detergent at pH 5.8 to 
7.0 to form considerable turbidity. Gamma _ globulin, 
however, is not reactive in this range of pH provided the 
protein concentration is below 20 mg. per ml. This pro- 
tein forms turbidity with a cationic detergent at pH 7.5 to 
9.8. Finally, albumin in a concentration less than 20 mg. 
per ml. is not reactive with a cationic detergent until pH 
10.0 is employed. As the pH is increased to 11.0, a sharp 
increment of turbidity results and at pH 12.0 maximal 
precipitation results. If sufficient cationic detergent is 
added to concentrated solutions of albumin or gamma 
globulin, the effect of pH is not as evident and these pro- 
teins precipitate at lower pH levels. 

It will also be seen later that NaCl produces an effect 
on precipitation of the various protein components of hu- 
man sera. Thus by proper choice of buffers, NaCl con- 
centration, concentration of protein and a cationic deter- 
gent, a quantitative assay of the various components might 
be accomplished. 

Preparation of buffers: A. For pH 6.65—A 0.05 M 
2,4,6 trimethyl pyridine (collidine) * solution of pH 6.65 
is prepared (3). To this is added sufficient NaCl to make 
the concentration of the latter 0.08 M. The pH is again de- 
termined on a glass electrode pH meter and is redetermined 
each day prior to use. If a variation of more than + 0.05 
pH units occurs, the pH is readjusted by addition of 0.1 N 
HCI, or a new buffer is prepared. B. For pH 9.6—A 0.05 
M glycine-Na glycine buffer is prepared and adjusted to 
a pH of 9.6. To this is added sufficient NaCl to make a 
final concentration of NaCl of 0.08 M. Prior to use, the 
pH of this buffer is determined on a glass electrode pH 
meter and readjusted if necessary. C. For pH 12.0—A 
solution containing 0.05 M NaOH and 0.4 NaCl is pre- 
pared. The pH of this solution varies between 11.9 to 
12.4. On standing, the pH may fall below 11.9 and a 
fresh solution must then be prepared.5 


4 Obtained from Eastman Kodak Co., Rochester, New 
York. 

5 The exact pH of this solution cannot be determined 
with a glass electrode because the high sodium concentra- 
tion makes the electrode insensitive to a pH over 9.0. 
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Preparation of the detergent solution: One and 0.1 per- 
cent solutions of octadecyl dimethyl benzyl ammonium 
chloride (Octab) are made in distilled water. On stand- 
ing in the cold the Octab may precipitate from solution. 
Prior to use, gentle warming of the solution will redissolve 
the Octab, and the solution will clear. 

Preparation of the protein fractions and standard 
curves: Three human protein fractions,¢ [V-1, II and V, 
were used to raake standard curves for the alpha globu- 
lins, total globulin and albumin respectively. These frac- 
tions were obtained from the Squibb Laboratories, where 
they had been prepared by the Cohn fractionation tech- 
nique. Fractions II and V were electrophoretically homo- 
geneous, Fraction 1V—1 contained 74 percent alpha 1 and 
alpha 2 and 26 percent albumin by electrophoretic analysis. 

Fraction IV-1 is readily soluble at 4 percent concentra- 
tion in 0.9 percent NaCl solution, to form an opalescent 
solution. After centrifugation oniy a minute amount of 
precipitate is removed. The supernatant solution is as- 
sayed for total nitrogen concentration by the Kjeldhal 
method (73 percent by weight of fraction IV-1 was pro- 
tein material). In calculating the concentration of the 
alpha globulins, 74 percent of the Kjeldhal protein value 
is used. 

Similar 4 percent sclutions of fraction II and V are 
prepared. Since these solutions are homogeneous by 
electrophoresis, 100 percent of the Kjeldhal proteins 
value is used as the concentration of gamma globulin and 
albumin respectively. 

6 The protein fractions were obtained from Dr. J. N. 
Ashworth, E. R. Squibb & Sons, Biological and Chemical 
Laboratories, New Brunswick, New Jersey. 
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Standard curve for alpha 1 and alpha 2 globulins: The 
4 percent solution of fraction 1V-1 assayed by the Kjeldhal 
method is diluted 1: 100 with collidine buffer of pH 6.65. 
Aliquots of this fraction, containing between 0.05 to 0.5 
mg. of alpha 1 and alpha 2 globulins, are then accurately 
measured into 15 X 145 mm. colorimeter tubes. Sufficient 
buffer to bring the volume to 9.0 ml. is then added. To 
this solution, 1.0 ml. of 0.1 percent Octab solution is added 
and the tubes mixed immediately by inversion. The 
turbidity which develops is read on a Lumetron photo- 
electric colorimeter using a 440 filter. Maximal tur- 
bidity usually develops after 12 to 15 minutes. After 20 
minutes, the density of the solution slowly decreases. 

The optical density, corresponding to the calculated 
concentration of the alpha 1 and alpha 2 globulins, is then 
plotted for each determination as shown in Figure 1. 

Standard curve for total globulin concentration: A 
1: 100 dilution of a stock solution of fraction II is made 
in the glycine buffer of pH 9.6 so that each millilitre con- 
tains a known concentration within a range of 0.35 to 
0.45 mg. per ml. Aliquots of this solution varying in pro- 
tein concentration from 0.05 to 0.8 mg. per ml. are added 
to separate colorimeter tubes. To these solutions suffi- 
cient glycine buffer is added to bring the volume to 9.6 
ml. Four tenths millilitre of 1.0 percent Octab is added 
and mixed with the solution by inversion of the tubes. 
Density is then read after 10 to 15 minutes as described 
above. The optical density for each calculated concentra- 
tion of gamma globulin is then plotted as shown in Figure 

Fraction IV-1 can be similarly made up in glycine buffer 
and used to make a standard curve for the total globulin 
concentration. The slope of the curves for fraction IV-1 
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and II is identical. However, as seen in Table I, there 
is evidence that fraction IV-1, in addition to alpha 1 and 
alpha 2 globulins, contains an additional s:nall amount of 
protein reacting at pH 9.6 but not at pH 6.65. 

Standard curve for total protein concentration: Albu- 
min is used to prepare a standard curve for assay of the 
total protein concentration. Fraction IV-1, II or whole 
serum of known protein concentration is suitable and will 
produce identical results. A 4 to 5 percent solution of 
albumin previously assayed by the Kjeldhal method is di- 
luted 1: 100 in the NaOH-NaCl solution. Aliquots con- 
taining 0.04 to 0.08 mg. of protein are pipetted into color- 
imeter tubes. Sufficient 0.05 M NaOH-0.4 M NaCl is 
added to bring the volume to 9.6 ml. Four tenths millilitre 
of 1.0 percent Octab is added and mixed by inversion of 
the tubes. Density is then read on the colorimeter after 
10 to 15 minutes until maximal density is determined. 
The optical density for each calculated concentration of 
albumin or other protein solution is then plotted as shown 
in Figure 1, 

The Lumetron model 402-E colorimeter with filter M 
440 has been found to produce a steep slope with small 
increments of density in solutions of protein combined with 
Octab. Other colorimeters such as the Beckman, Cole- 
man, Evelyn and Klett do not measure such changes as 
readily, in that slopes such as depicted in Figure 1 have 
a lessened density gradient with corresponding increases 
in protein concentration. This difference in instruments 
is explained by the fact that the Lumetron is designed 
so that the cuvette is placed about 5 cm. from the photo- 
electric cell. With this arrangement much of the scattered 
light does not impinge on the photocell and thus a closer 
measure of transmission is obtained. In the other in- 
struments mentioned, where the cuvette is placed close to 
the photocell, much of the scattered light impinges on the 
photocell, thus decreasing the sensitivity of measurement 
of turbidity. 

Recently, a nephelometric attachment has been used in 
the Lumetron 402-E colorimeter. Results obtained by 
this technique indicate that changes in density caused by 
the reaction of Octab with proteins may be measured 
with a two to threefold increase in sensitivity over that 
obtained by the method described above. 

A nephelometric technique, or the use of a colorimeter 
which is designed so that scattered light does not reach 
the photocell, is necessary, therefore, for an accurate as- 
say of the turbidity developing in the interaction of pro- 
teins and cationic detergents. 

Assay of mixed protein solutions: An accurately meas- 
ured amount of serum (0.0500 to 0.1200 ml.) obtained 
from clotted blood is measured into a test tube. A micro- 
pipette has been found to be most suitable. (These may be 
prepared from 5 mm. glass tubing or they can be obtained 
from MISCO, Microchemical Specialties Co., Berkeley, 
California.) Sufficient 0.08 M NaCl solution is added 
to produce a 1: 100 dilution of the serum. To assay the 
alpha 1 and alpha 2 globulin concentration, 1.0 ml. of the 
diluted serum is pipetted into a test tube. Eight millilitres 
of collidine buffer solution (pH 6.65) are added. One 
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millilitre of 0.1 percent Octab is then added and mixed 
with the protein and buffer solution by inversion of the 
tube. After standing for 10 to 12 minutes the optical den- 
sity is determined. This reading is repeated until maxi- 
mal density is recorded. By interpolation from the previ- 
ously determined standard curve for the alpha 1 and 
alpha 2 globulins, the concentration of the alpha globulins 
is calculated. 

Total globulin is assayed by adding 1.0 ml. of diluted 
serum to a test tube. To this is added 8.6 ml. of glycine 
buffer of pH 9.6. Then 0.4 ml. of 1.0 percent Octab is 
added to the solution and mixed by inversion of the tube. 
After maximal density has developed (10 to 15 minutes) 
the optical density is recorded. By interpolation from the 
fraction II standard curve the amount of total globulin is 
calculated. 

The assay of total protein concentration is made by 
addition of 0.1 ml. of the diluted serum to a colorimeter 
tube. A standardized 0.2 ml. pipette with a curved tip 
measures accurately this volume of diluted serum. Nine 
and one half millilitres of 0.05 M NaOH to 0.4 M NaCl 
solution are added to the tube and then 0.4 ml. of 1.0 per- 
cent Octab is pipetted into the mixture. After mixing of 
these solutions by inversion, density is read on the color- 
imeter after 10 to 15 minutes. The maximal density is 
determined and then the total protein concentration is 
calculated by interpolation from the standard curve. 

In most sera, the protein concentration for each frac- 
tion assayed is sufficient to cause variation of density 
ranging from 85 percent to 45 percent transmission of 
light. In sera where the total globulin concentration or 
total protein concentration is excessive, then densities 
exceeding these limits may result. In such instances, 
the amount of diluted serum used in the test is de- 
creased by a factor of one half. The result obtained 
from the standard curve is then multiplied by two. In 
sera with a low concentration of total protein, a more ac- 
curate assay results when 0.2 ml. of diluted serum is added 
to the colorimeter tube. The result obtained from the 
standard curve is then divided by two. 


EXPERIMENTAL RESULTS 


It has been stated above that differentiation of 
the alpha globulins, gamma globulin and albumin 
can be made, provided the protein concentration, 
pH and NaCl concentration are suitably regulated. 
Thus albumin requires a high pH before precipi- 
tation occurs, while gamma globulin and the alpha 
globulins precipitate at intermediate and low pHs 
respectively. At an intermediate pH (9.6), the 
alpha globulins combine with Octab in a similar 
manner to gamma globulin so that a summation of 
the total globulin fraction results. At a high pH 
(12.0) all of the component proteins react with 
Octab and a summation of all proteins results. 


. 
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In this type of investigation, preparations of 
“pure” proteins are desirable. Reactions II and V 
reasonably fulfill this requirement, but it is recog- 
nized that even these fractions consist of hetero- 
geneous proteins. Fraction 1V-1 is recognized to 
be sufficiently heterogeneous to introduce error into 
the quantitative measurements described. An 
homogeneous preparation of beta globulins has 
not been available. However, a preparation of 
fraction III obtained from the Squibb Laboratories 
is found to react in many respects like fraction 
IV-1. Since fraction III is not readily soluble in 
0.9 percent NaCl and in solution is sufficiently 
turbid to prohibit electrophoretic assay, no infor- 
mation is available concerning the constituent pro- 
teins of the particular fraction. Fraction 1V-4 
obtained from the same laboratories was studied. 
The beta globulins contained in it do not react 
with the cationic detergent at pH 6.65 but behave 
like gamma globulin. 

After comparative studies of sera assayed by 
electrophoretic and detergent techniques had been 
carried out (Figures 6 through 8), it was evident 
that most beta globulins react with a cationic de- 
tergent in the same manner as the gamma globu- 
lins. This supposition is not always valid as indi- 
cated in an investigation of serum from a patient 
with sarcoidosis of the liver. This lesion had 
caused intra-hepatic obstruction. By electrophore- 
sis, this patient’s serum contained a large beta 


EFFECT OF NACL CONCENTRATION 
ON PROTEIN TURBIDITY AT pH 9.6 
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anomaly in the gamma peak of the descending 
boundary similar to that described by Zeldis and 
Alling in patient J. M., page 423 (4). Turbidi- 
metric assay of this serum with Octab revealed an 
alpha globulin concentration of 2.4 gm. and the 
beta and gamma fraction was 1.4 gm. By electro- 
phoretic measurement, the concentration of the 
alpha globulins was 1.40 gm. while the beta and 
gamma concentration was 4.0 gm. (1.58 beta and 
2.46 gamma). Thus a striking discrepancy is 
found not only within each of the fractions but in 
the total globulin concentration. The difference 
in the total globulin concentration (3.8 gm. by de- 
tergent assay vs. 5.4 gm. by electrophoretic as- 
say) may be attributable to measurement by elec- 
trophoresis of a high lipid concentration. The 
discrepancy in the assay of the alpha globulins may 
be explained by the possibility that the abnormal 
beta globulin found in this serum reacts with the 
cationic detergent in a manner similar to the alpha 
globulins. 

Effect of NaCl on reaction of Octab with pro- 
teins. In a previous report (1) it was shown 
that the precipitation of serum protein (alpha 1 
and alpha 2), with Octab at pH 7.3, is influenced 
by salt concentration, The effect of NaCl on the 
precipitation of the alpha globulins, gamma globu- 
lin and albumin by Octab has been investigated 
utilizing pH values of 9.6 and 12.0 (Figures 2 
and 3). At pH 9.6 it will be observed that Frac- 
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tion IV-1 fails to precipitate with Octab if no NaCl 
is present. An increasing turbidity develops and 
reaches a maximum in a concentration of 0.4 M 
NaCl in glycine buffer. Fraction II (gamma 
globulin) develops maximal density with Octab 
when the NaCl concentration is 0.08 to 0.12 M. 
When the NaCl is increased beyond these limits 
then the density decreases. In the investigations 
of albumin it is observed that no turbidity develops 
at pH 9.6 until the NaCl concentration reaches 
0.25 M. With the concentration of NaCl increased 
to 0.5 M, a maximal density results. Since the 
detergent precipitates in a 0.7 M concentration of 
NaCl, no higher salt concentrations than 0.5 M 
were used in this study. 

It is seen from Figure 2 that at pH 9.6, alpha 1 
and alpha 2 globulins and gamma globulin react 
similarly if the NaCl concentration is 0.08 to 
0.12 M. In this range, albumin is not precipitated. 
If the NaCl concentration is increased the precipi- 
tation of the alpha 1 and alpha 2 globulins is en- 
hanced while the precipitation of gamma globulin 
is depressed. Finally, with higher concentrations 
of NaCl, albumin begins to precipitate. For pur- 
poses of assay of the total globulins in a mixture 
of proteins, a NaCl concentration of 0.08 to 0.12 M 
is optimal. 

If these fractions are investigated in a system 
where the pH is 12.0, a different reaction occurs 
(Figure 3). It will be seen that NaCl enhances 
the precipitation of all three fractions to about the 
same degree. If no NaCl is present, no precipita- 
tion occurs. With each increment of NaCl to a 
concentration of 0.1 M there is a striking in- 
crease in density. Beyond this concentration of 
NaCl, a less steep slope of increasing density 
develops. 

Effect of cationic detergent concentration on 
protein precipitation. A limitation in the study of 
the effect of anionic detergents on protein precipi- 
tation is imposed by a narrow range of precipita- 
tion effect dependent on an optimal protein: de- 
tergent ratio (5). This effect is not observed 
with the cationic detergent Octab when it reacts 
with albumin, alpha 1 and alpha 2 globulins or 
gamma globulin at pH 9.6 or 12.0. If the protein 
concentration is between 0.4 to 0.9 mg. per ml., at 
least 3 mg. of Octab is required. If greater 
amounts of detergent are added no change in tur- 
bidity results. 
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The effect of sodium chloride concentration at pH 12.0 is 
shown for each of three protein fractions investigated. 


Some influence of the protein to detergent ratio 
is found however, at pH 6.65, the range employed 
for alpha 1 and alpha 2 globulin assay. Fraction 
IV-1, alone and with albumin or gamma globulin 
added, was prepared in a buffer of pH 6.65 and 
0.08 M NaCl concentration. Different amounts 
of Octab were then added. The data in Figure 4 
reveal that the optimal concentration of detergent 
for the concentration of fraction IV-—1 employed is 
0.5 mg. per 10 ml. of reacting system (buffer, di- 
luted protein and detergent solution). If the 
Octab is increased to 1.0 mg. there is a decrease 
in precipitation. A similar result is obtained in a 
system which contains fraction [V-1 and albumin. 
When the combined fraction IV-1 and gamma 
globulin is added to Octab, however, the decrease 
in density resulting from addition of 1.0 mg. of 
Octab is not as great. When Octab is added to 
a final concentration of 8.0 mg., a considerable de- 
crease in protein precipitation results not only for 
fraction IV-1 and gamma together but in all the 
combinations employed. 

The sparing effect of gamma globulin on frac- 
tion 1V-! precipitation may be related te its ability 
to combine partially with the detergent at pH 6.65 
without being precipitated. Thus the optimal ra- 
tio of detergent and the alpha 1 and alpha 2 globu- 
lins is maintained. In studies to be described later, 
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EFFECT OF DETERGENT CONCENTRATION 
ON TURBIDITY OF PROTEIN AT pH 6.65 
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The effect of different cationic detergents reacting at 
pH 7.3 in a 0.08 M NaCl solution with fraction IV-1 is 
shown. Observe that trimethyl or ethyl substituted com- 
pounds (Octimet and Cetab) are less reactive than di- 
methyl benzyl substituted compounds (Octab and Cetylon). 
Albumin and gamma globulin fail to precipitate under 
these conditions. 


4.0 
CONCENTRATION OF DETERGENT 
(MGM) 
Fic. 4 
The influence of cationic detergent (Octab) concentration on combinations of 
proteins with alpha 1 and alpha 2 globulins (fraction IV-1) is shown. 


5.0 6.0 7.0 8.0 


it will be seen that the use of 1.0 mg. of Octab for 
assay of alpha 1 and alpha 2 globulins permits an 
accurate determination of this fraction in human se- 
rum. In abnormal sera where large increments of 
alpha 1 and alpha 2 are present with a concomitant 
depression of albumin and a relative decrease of 
gamma globulin, the alpha globulins are determined 
with accuracy. Thus, while it appears that a con- 
stant ratio of cationic detergent to alpha 1 and 
alpha 2 globulins is desirable, such a ratio is not 
critical when these globulins are present in a com- 
plex protein mixture such as exists in serum, 
Effect of different cationic detergents on protein 
precipitation. Four chemically different cationic 
detergents have been investigated for their reac- 
tion with different protein fractions. Octab (octa- 
decyl dimethyl benzyl ammonium chloride) and 
Cetylon (cetyl dimethyl benzyl ammonium chlo- 
ride) have identical effects on protein precipita- 
tion. They can be used interchangeably for assay 
of the three protein fractions studied. Octimet 
(octadecyl dimethyl ethyl ammonium chloride) 
and Cetab (cetyl trimethyl ammonium chloride) 
have less effect on protein precipitation. This is 
shown in Figure 5 where the reaction of fraction 
IV-1 at pH 7.3 and 0.08 M NaCl is depicted. 
While a linear relationship between density and 
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protein concentration exists for each class of de- 
tergent, the two with the trimethyl or ethyl sub- 
stituted groups have a less steep slope than re- 
sults from the use of the dimethyl benzyl substi- 
tuted compounds. 

If one adds a dimethyl benzyl substituted de- 
tergent to a mixture of protein combined with a 
trimethyl detergent, an increase in precipitation 
results. Addition of more trimethyl substituted 
detergent to such a mixture causes no increase in 
density. Thus, of these four detergents investi- 
gated, a long carbon chain substituted with a di- 
methyl benzyl side chain is more effectively com- 
bined with protein than is the trimethyl or ethyl 
substituted compound. 

A chemical analogue of the cationic detergents 
which lacks the hydrocarbon chain was prepared. 
This substance p, p’methylene-bis (N,N-trimethyl 
aniline) dichloride was added to various protein 
fractions in solutions with a range of pH from 5.0 
to 12.0. No precipitation occurred. Octab was 
then added to samples to which p, p’methylene- 
bis (N,N-trimethyl aniline) dichloride had been 
previously added and to a control sample. The 
amount of turbidity developing in each sample was 
identical. These data suggest that p,p’methylene- 
bis (N,N-trimethyl aniline) dichloride neither 
precipitates nor blocks the precipitation of pro- 
teins after addition of a cationic detergent. 

If the cationic detergents exert only a physical 
effect on proteins to produce turbidity it should be 
possible to remove the detergent by dialysis. 
Since a 1.0 percent solution of Octab dialyzes 
through a cellophane membrane, the following ex- 
periment was made. 

Gamma globulin was treated in the usual man- 
ner by precipitation at pH 9.6 with Octab. After 
standing, the flocculent material was removed and 
re-suspended in acetate buffer of pH 4.5. The 
precipitate readily redissolved and the clear solu- 
tion was subjected to dialysis in a cellophane mem- 
brane against a 0.05 M acetate buffer at pH 4.5 
for 96 hours at 4° C. Frequent changes of the 
dialyzing fluid were made during this period. The 
gamma globulin solution was then brought to pH 
9.6 by slow addition of 0.1 N NaOH solution. It 
again developed turbidity. Such a solution simi- 
larly dialyzed and reconstituted in a solution of 
pH 7.0 and with 0.9 percent NaCl produces he- 
molysis of erythrocytes which are readily he- 
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Comparison of the electrophoretic and detergent turbidi- 
metric techniques for assay of alpha 1 and alpha 2 globulin 
fractions in serum. The value obtained by electrophoresis 
(ordinate) is plotted against the value obtained turbidi- 
metrically on the same sample (abscissa). A line of per- 
fect correlation is drawn to orient these comparative 
results. 


molyzed with small amounts of Octab. Thus it 
appears that little if any cationic detergent was re- 
moved by dialysis. 

Comparative assay of serum proteins by electro- 
phoretic and cationic detergent methods. To de- 
termine the reliability of the cationic detergent as- 
say technique in complex protein mixtures such 
as human sera, parallel studies were made utilizing 
Tiselius electrophoresis of serum in veronal buffer 
at pH 8.5. Sera were obtained from patients with 
such diverse diseases as pneumonia, tuberculosis, 
cirrhosis of the liver, and so forth. Forty to fifty 
millilitres of blood were withdrawn and allowed to 
clot. After centrifugation, the serum was removed 
and one portion was assayed for the three protein 
fractions as described above. The remainder of 
the serum was then suitably prepared and sub- 
jected to electrophoresis (6). 

A comparison of the two techniques for measure- 
ment of the alpha 1 and alpha 2 globulin concen- 
tration is shown in Figure 6. Electrophoretic 
values (ordinate) are plotted for each serum 
against the corresponding detergent turbidity value 
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Comparison of the electrophoretic and detergent turbidi- 
metric techniques for assay of total globulin concentra- 
tion in serum. Results are plotted in the same manner as 
in Figure 6. 
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Fic. 8 
Comparison of the total protein concentration obtained 

by electrophoretic and detergent turbidimetric techniques. 

Results are plotted in the same manner as in Figure 6. 
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Comparison of the biuret and detergent turbidimetric techniques for assay 
of total protein concentration in serum. Results are plotted in the same 
manner as in Figure 6. 
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CORRELATION OF DETERGENT AND BIURET 
METHODS FOR DETERMINATION OF SERUM GLOBULIN 
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Comparison of the 22.5 percent Na,SO, precipitation technique with detergent turbidi- 


metric technique for assay of serum total globulin. 


Observe that, utilizing the latter 


method, higher concentrations of globulin are consistently found. 


(abscissa). A line of absolute correlation is drawn 
to orient the correlations for each determination. 
It will be observed that all but five determinations 
are within + 0.25 gm. of the line of absolute cor- 
relation (r = 0.99). 

In Figure 7, similar data obtained for the con- 
centration of total globulin by each method are 
shown. All but five of 29 sera assayed by the de- 
tergent and electrophoretic techniques show a vari- 
ation less than + 0.5 gm. of the value obtained by 
electrophoresis (r = 0.70). 

The data obtained for assay of the total protein 
concentration is similarly shown in Figure 8. All 
but three determinations were + 0.5 gm. of the 
result obtained by electrophoresis (r = 0.73). 

A comparison of the assay of total protein by 
the biuret technique (7) and the cationic deter- 
gent technique is shown in Figure 9. In 124 
paired determinations on sera from patients, six 
detergent determinations were more than + 0.5 
gm. of the value obtained by the biuret method. 

Assay of the total globulin was made by 22.4 
percent Na,SO, fractionation and subsequent 


biuret assay of the albumin fraction (7). Aliquots 
of the same serum were simultaneously analysed 
for total globulin by the detergent technique. It 
will be observed in Figure 10 that, utilizing the 
latter method, consistently higher values of globu- 


lin concentration were found. This result is not 
unexpected since it is known that Na,SO, fails to 
produce complete separation of the globulins from 
albumin. Electrophoretic assay of Na,SO, pre- 
cipitated plasmas reveals that much of the alpha 
1 and alpha 2 globulins remain with the albumin 
fraction (8). 

Recovery of protein fractions added to normal 
and abnormal sera. Sera from a normal indi- 
vidual and from patients with profound altera- 
tions of the protein pattern were assayed by the 
detergent method described. Known concentra- 
tions of fractions IV-1, II and V were added to 
other aliquots of these sera and similarly assayed 
in order to determine percent of recovery of the 
added fractions. These data are shown in Table 
I. It will be observed that serum of patient N. P. 
has a high globulin concentration but a nearly nor- 
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TABLE I 
Recovery of various protein fractions added to human serum 


Alpha 1 and Alpha 2 
globulin Total globulin Total protein 


% Re. Pre- % Re- Pre- % Re- 

Found dicted covery dicted covery dicted covery 

. Disseminated Lupus SB ¢ 13.3g 100% 
Erythematosis 5.35 1 14. F 1 16. 16.6 6 
.P. 1/14/53 3. 


wn 


. Carcinoma of Lung 
R.S. 3/4/53 


oo wn 


BO’ S& 


Aan 


wn 


Serum alone 


. Probable Myeloma IV-1 
A.L. 1/27/52 


Serum alone 


. Tuberculosis IV-1 
J.M. 2/3/53 II 


Serum alone 


. Normal Adult IV-1 
R.A. 2/26/53 II 


Serum alone 


. Cirrhosis of Liver IV-1 
E.D. 2/15/53 


6 
4 
3 
9 
8 
2 
0 
2 
8 
7 
2 
9 
6 
6 


Serum alone 


. Convalescent Rheu- IV-1 
matic Fever II 
2/23/53 


—— 


Serum alone 


. Rheumatoid Arthritis IvV-1 
G.U. 2/19/53 4 


an 
mn 


Serum alone 


. High Fever of Unknown IV-1 
Etiology Il 
W.D. 2/14/53 Vv 
Serum alone 


. Normal Adult IV-1 
W. O'B. 2/23/53 ‘a 
Serum alone 


— 


. Multiple Myeloma IV-1 
F. 13/12/81 


Serum alone 


—— 


. Nephrosis IV-1 
W. B. 1/4/52 


Serum alone 


6 
1 
1 
1 
1 
4. 
2 
2. 
2. 
2 
2 
4. 
0 
0 
2. 
2 
2: 
2. 
0. 
0 
0 
3. 
1 
1. 
2. 
1 
1 
a. 
3. 
2 
1 
1 
3. 
3. 
3. 
2. 
0. 
0 
0. 
0. 
9. 
8 
8. 
4. 
4. 
3 
3. 


Known amounts of fractions IV-1, IT or V were added to different sera. A rticular serum and the same serum 
with the added fraction were then assayed by the cationic detergent technique. The predicted values shown were calcu- 
lated by addition of the serum value to the value obtained for the particular fraction added. 
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1 
II 15.0 100 17 17.6 97 
7.4 107 125 11.8 104 
Vv 74 108 15 13.6 110 
= Serum alone 10) 
IV-1 81 117 9 10.3 
IV-1 104 113 13 13.6 
II 9.6 108 10 10.8 95 
II 13.4 103 13 146 94 
on V 5.8 112 8 88 101 
5.8 115 12 10.6 115 
7 
Z 3 4.5 98 16.5 98 
13 100 17.3 98 

4 5.6 103 15.5 95 
2.4 92 14.7 95 
V 2.0 100 13.9 92 
8 
0989 37 102 
0.9 89 5.7 102 11.7. 91 
V 0.7 2.3 100 10.5 94 
6 3.05 106 7.2 110 11.3 108 
1.85 101 9.0 102 12.4 106 
1.65 100 5.6 102 11.6 102 
= 7 2.55 109 4.95 103 9.6 102 
4 10.7 104 
99 110 
1 
8 3.35 101 5.25 103 10.4 91 
10.7 94 

= 9 5.4 102 6.4 109 88 98 

3.6 103 7.8 98 9.25 98 

3.4 48 100 85 87 
10 2.25 98 4.1 100 9.6 104 
1.05 86 59 95 10.8 100 
0.85 95 2.5 10.0 98 
10.65 100 13.8 119 16.6 93 
8.85 102 16.0 104 17.1 92 
= 8.6 98 12.2 112 15.1 99 
12 5.25 93 5.5 109 74 99 
3.45 122 7.7 103 79 94 
39 97 59 110 


mal alpha globulin concentration. When two dif- 
ferent concentrations of fractions 1V-1, II and al- 
bumin are added to this serum, 92 to 119 percent 
recovery of the added protein is accomplished. 

The serum of patient R. S., with a metastatic 
carcinoma of the lung, has a high alpha globulin 
concentration as well as an increase in the beta 
and gamma globulin fraction (3.15 gm.). Re- 
covery of added aliquots of fraction IV-1, IT and 
albumin to this serum ranges between 94 to 117 
percent. 

Patient F. K. is of particular interest, since she 
had extensive myelomatosis. By electrophoresis, 
about 60 percent of the total protein migrated in 
the gamma globulin position. There was little in- 
crease in the alpha globulins yet detergent assay 
reveals a concentration of 8.6 gm. This value rep- 
resents an extreme elevation and when it is of this 
magnitude, is diagnostic of multiple myeloma (9). 
In this instance, there is a marked discrepancy 
between the detergent assay and the electrophoretic 
determination. Such a discrepancy is not found 
in all patients with multiple myeloma studied so 
far, indicating that only certain myeloma proteins 
react with a cationic detergent in the pH range 
of the alpha globulins (9). Despite the abnormal 
behavior of the gamma migrating myeloma protein, 
recovery of added fraction IV-1, II and albumin 
is good. 

In patient W. B. with profound serum protein 
alterations secondary to nephrosis, again, good re- 
covery of added protein fractions is obtained. 


DISCUSSION 


This investigation of the interaction of the alpha 
globulins, gamma globulin and albumin with cati- 
onic detergents permits three conclusions to be 
made. First, the magnitude of turbidity produced 
by the interaction of detergent and protein, as in- 
fluenced by the hydrogen ion concentration, can- 
not be related to the isoelectric point of the proteins 
investigated. Secondly, none of these proteins 
produce turbidity with a cationic detergent in any 
range of pH unless NaCl or some similar salt is 
present in the reaction. In general, an increase in 
the NaCl concentration causes a proportional in- 
crease in turbidity with a cationic detergent when 
the reaction is carried out at pH 9.6 or 12.0. How- 
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ever, the reaction of gamma globulin at pH 9.6 
differs from that of the alpha globulins and albumin 
in that an increase of salt concentration beyond 
0.12 M causes a decrease in turbidity. Finally, 
the amount of turbidity formed by the interaction 
of these proteins and the cationic detergents is 
governed by the molecular configuration of the 
radicals attached to the hydrocarbon chain. Thus, 
maximal turbidity develops for a dimethyl benzyl 
substituted compound, while a trimethyl or ethyl 
substitution results in a less active interaction of 
detergent and protein. When a non-hydrocarbon 
cationic substance, p,p’methylene-bis (N,N-tri- 
methyl aniline) dichloride is used, neither protein 
precipitation nor inhibition of precipitation by one 
of the hydrocarbon cationic detergents results. 

It must be recognized that these experiments 
have not established that turbidity is actually a 
good measure of protein precipitation, It is pos- 
sible that the effect of NaCl in particular may not 
be so much an enhancement of the interaction of 
protein and detergent but that it may exert some 
influence upon the size of the agglutinating par- 
ticies which in turn influence the turbidity of the 
solution, 

There is considerable speculation but little is 
known about the mode of reaction of anionic de- 
tergents with proteins (5). Even less is known 
about the reaction of cationic detergents with pro- 
teins. Under suitable conditions, most, if not all, 
soluble protein fractions precipitate at or just 
below their isoelectric points with the anionic 
detergents (10). In the case of the cationic deter- 
gents, it is apparent in a study of albumin in par- 
ticular, that precipitation occurs at a point con- 
siderably beyond the known isoelectric point. 
Thus it seems likely that cationic detergents may 
react with proteins by a different mechanism than 
do the anionic analogues. 

The evidence gained by an investigation of the 
effect of dialysis of the protein and detergent com- 
plex and the effects of non-hydrocarbon cationic 
substance such as p,p’methylene-bis (N,N-tri- 
methyl aniline) dichloride in neither precipitating 
nor blocking the cationic detergent effect, does not 
permit a definitive conclusion regarding the mode 
of reaction of these detergents with proteins. One 
can speculate that carboxyl or suifhydryl groups 
may combine with the ammonium cationic charges 
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and effect subsequent precipitation. If one ex- 
tends such an hypothesis further, one might con- 
sider that the alpha globulins have more of these 
groups reactive at a low pH, while albumin re- 
quires a marked decrease in the hydrogen ion con- 
centration before these groups become accessible 
for interaction with the cationic detergent. 

It is apparent that the present data do not allow 
any reasonable conclusion to be formulated to ex- 
plain the reaction of cationic detergents with the 
various human protein fractions under the experi- 
mental conditions described. However, a practi- 
cal advantage of these observations is found when 
an application of these principles is made in a study 
of protein mixtures. Thus, utilizing the partition- 
ing effect of a cationic detergent such as Octab, 
with the pH and salt concentration suitably con- 
trolled, it is possible to assay with considerable ac- 
curacy the alpha globulins, total globulin and the 
total protein concentration of human serum. Pre- 
vious work had indicated that qualitative assay 
might be accomplished (2, 11, 12). The com- 
parative studies of sera by means of electrophoresis 
and by means of recovery experiments, confirm 
the specificity of cationic detergent action under 
an established buffer-salt set-up for each protein 
fraction. 

The use of such an assay technique in clinical 
medicine has several advantages. Since consider- 
able dilution of serum is required for an optimal 
detergent interaction with the protein fractions, 
as little as 0.05 ml. of serum can be employed for 
an analysis of all fractions. Thus, capillary blood 
can be used. Secondly, after the preliminary 
preparation of the buffer solutions and the stand- 
ard curves, nearly the same information found by 
Tiselius electrophoresis can be obtained with less 
effort, utilizing this detergent method. Such a 
procedure permits a more exhaustive study of pro- 
tein metabolic alterations in disease and has con- 
tributed particularly in investigations of the globu- 
lin alterations seen in acute rheumatic fever (2), 
cirrhosis of the liver (9), and other disease states 
(3, 12). 

The plasma protein alterations found in patients 
with multiple myeloma and in certain types of 
hepatic disease, produce markedly discrepant re- 
sults when the electrophoretic and detergent tech- 
niques are compared. Further investigation of 
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these divergent findings may reveal additional in- 
formation concerning the known abnormal char- 
acter of the myeloma proteins and the beta protein 
described. 


SUMMARY 


1. An investigation of the interaction of cationic 
detergents with three protein fractions, fraction 
IV-1, fraction II and albumin has been described. 
The differential effect of pH, salt concentration 
and molecular configuration of the cationic de- 
tergent on protein precipitation is shown. 

2. An application of these observations to a 
differential quantitative fractionation of human 
serum has been made. By comparative studies 
with electrophoresis and by recovery experiments, 
it is shown that assay of the alpha globulins, the 
beta and gamma fraction, albumin and the total 
protein can be made with accuracy, utilizing the 
cationic detergent technique described. 
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The existence in normal human serum of en- 
zymes belonging to the group of peptidases has 
been well established in recent years. Grassmann 
and Heyde (1) first described the hydrolysis of 
L-leucylglycylglycine (LGG) and L-leucylglycine 
(LG) by the serums of different species, including 
man, and attributed these effects to two rather 
nonspecific enzymes, one a polypeptidase and the 
other a dipeptidase. Because of the number of 
different enzymes which have been isolated in re- 
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cent years from animal tissues (2), it is now gen- 
erally believed that serum may also contain several 
peptidases distinguishable by their different speci- 
ficity patterns. 

In most recent investigations the hydrolysis of 
LGG by serum was compared between normal per- 
sons and patients with a variety of diseases. As 
pointed out by Smith (3), this peptide is particu- 
larly ill-suited as a substrate, since it may be at- 
tacked by leucine aminopeptidase as well as by 
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tripeptidase, both of which appear to be present 
in human serum. A further complication has of- 
ten been introduced through the use of cobalt ion 
which, because ef activation of the glycylglycine- 
splitting enzyme, will cause hydrolysis of the sec- 
ond peptide bond of the tripeptide, in addition to 
the first. Thus, an increased rate of LGG-hydroly- 
sis in pathologic conditions, as compared with the 
normal range, may not necessarily indicate an in- 
creased tripeptidase activity. The rate of hydroly- 
sis of LGG (or other tripeptides, as indicated) 
has been reported to be increased in fever (1); 
fractures (1, 4) ; lymphatic leukemia, pneumonia, 
acute rheumatic fever, hypertension, acute barbitu- 
rate intoxication (5); lupus erythematosus (with 
alanylglycylglycine) (6); and in part of the cases 
of cancer (1, 5); tuberculosis, asthma (5); and 
acute hemolytic anemia (with glycylglycylglycine ) 
(7). 

The present study was undertaken to compare 
the hydrolysis of four peptides by serum of a group 
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of normal controls with that of a number of pa- 
tients suffering from a variety of diseases, es- 
pecially of the liver. 


MATERIALS AND METHODS 


While no significant change in peptidase activity could 
be found after a meal (8), fasting blood was used al- 
most exclusively. It was drawn from the cubital vein, 
and the serum was separated by centrifugation as soon 
as clotting was complete. The serum was cither used 
immediately or kept frozen at — 18° C. for periods up to 
two weeks. The freezing had no deleterious effect on 
the enzyme activities. 

Four commercially available peptides were used as sub- 
strates. They were glycyl-L-tyrosine (GTy), L-leucyl- 
glycine (LG), glycylglycine (GG) and glycylglycylgly- 
cine (GGG); their final concentration was 5 X 10° M. 
The buffer system was uniformly 0.06 M veronal-veronal 
sodium of pH 8.0 (9), which is at or very near the peak 
of the dipeptidase activities (8). The optimal condition 
for the tripeptidase of normal serum is approximately at 
pH 7 (10); however, it was found that in certain dis- 
eases, the activity at pH 8.0 is increased more than that 
at pH 7.0 (8), which has justified the use of one buffer 
for all four reactions, As shown by other workers (11, 
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12), the tripeptidase is active without any ion added, while 
the enzyme acting on LG requires manganese (11, 12) 
(the same applies to the one acting on GTy), and the 
dipeptidase which hydrolyzes GG has to be activated 
by cobalt (12, 13). The activation of peptidases by man- 
ganese has generally been found to be a slow reaction (2), 
and this is true also for the enzymes in serum which act 
on LG and GTy (8). For this reason, serum was first 
incubated with manganese chloride in the absence of LG 
and GTy. For each milliliter of serum, 0.5 ml. of 0.1 M 
veronal buffer and 0.1 ml. of 0.1 M MnCl, were used. 
After two hours at 38° C., an additional 2.4 ml. buffer and 
then 1.0 ml. of 25 * 10° M LG or GTy were added to start 
the reaction. The final concentration of manganese was, 
therefore, 2* 10° M. Because the activation of the GG- 
splitting enzyme by cobalt ion appeared to be immediate, 
a preliminary incubation of serum with cobalt was omitted. 
The final concentration of CoCl, was 10° M. 

Hydrolysis was measured by the colorimetric ninhydrin 
method of Moore and Stein (14), as applied to peptidase 
reactions by Schwartz and Engel (15). Because of the 
smaller substrate concentration used by us, 0.5 ml. sam- 


ples of the reaction mixtures were removed for analysis 
and precipitated with 2.0 ml. of 1 per cent picric acid 
solution. The further experimental details were identi- 
cal with the method of Schwartz and Engel, except that 
a L-leucine solution of 5 x 10* molarity, corresponding 
to 0.1 4 mole per determination, was used as a reference 
standard, and corrections were applied to the observed 
optical densities corresponding to their deviations from 
Beer’s law. Details of this procedure will be described 
elsewhere (8). The corrected densities were converted to 
the fractions p of the original substrate concentration 
which have reacted in the various time intervals. (We 
prefer to base our calculations on unit substrate concen- 
tration rather than on 100 per cent, in order to have a 
general basis for kinetic considerations. ) 

A quantitative comparison of p-values can, of course, be 
made only if a reaction follows zero-order kinetics. This 
is not true for the tripeptidase, nor does it hold for the 
other enzymes under the experimental conditions used 
here; on the other hand, the reactions cannot be ade- 
quately described by first-order equations either. 

Because of its complex nature, the kinetics of these re- 
actions will be treated in a separate publication (8). In 
this paper the experimental results will be reported only 
as the p-values obtained after a fixed time of incubation 
for each substrate. This was arbitrarily chosen as one 
hour for GTy, two hours for GGG, three hours for LG 
and four hours for GG. The findings in the serum of 
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different individuals will be compared semiquantitatively 
through the use of scattergrams. Because the kinetics of 
all four reactions are somewhere between zero order and 
first order, the statement can be made that differences 
which appear to be significant in the p-values would be 
even more so if the proper functions of p were known. 

The liver function tests employed were the cephalin- 
cholesterol flocculation test of Hanger (16), the thymol 
turbidity test according to Maclagan (17) and the sulfa- 
bromophthalein test as described by Magath (18). The 
serum alkaline phosphatase was determined by the method 
of Bodansky (19), and the serum bilirubin by the method 
of Powell (20). 

The patients studied were all hospitalized and diagnosis 
in most instances was made by liver biopsy or surgical 
confirmation except for a few cases of portal cirrhosis 
in which there were obvious clinical features of the disease 
with ascites. 


RESULTS 


In Figure la a comparison is made between the 
serum of normal men and that of normal women. 
There appears to be a slight tendency for the tri- 
peptidase to be higher and for the GTy-splitting 
and GG-splitting enzymes to be lower in men than 
in women. If serum of children between the ages 
of 3 and 14 years is compared with that of adults 
of both sexes (Figure 1)), the tripeptidase seems 
to be higher and the GTy-hydrolyzing activity 
lower in children than in adults ; however, the data 
are too few to allow a definite conclusion of this 
kind. 

In Figures 2, 3 and 4 the results of an investiga- 
tion on three serum peptidases in patients suffer- 
ing from a variety of diseases are summarized and 
compared with the analyses on normal serum. The 
greater emphasis has been placed on liver diseases, 
since it was noted that in these conditions the ac- 
tivity of the peptidases deviates quite significantly 
from the normal pattern. For comparison, other 
pertinent data on the patients with liver disease 
are summarized in Table I. It will be seen that 
the tripeptidase activity (Figure 2) is increased in 
the majority of cases with liver injury. This effect 
appears to be greater in obstructive jaundice than 
in diseases affecting primarily the parenchymal 
cells. However, some elevation of the serum tri- 
peptidase is often found in other diseases. 

The data on the GTy-splitting enzyme are listed 
in Figure 3. It will be noted that this activity is 


decreased in most cases in which the tripeptidase 
is elevated, with the exception of the patients suf- 
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kic. 4. Comparison or LG-uyprotyzinc ActTiIvITY IN 
SERUM BETWEEN NORMAL CONTROLS AND PATIENTS SUF- 
FERING FROM DISEASE 


fering from Cushing’s syndrome, in which both en- 
zymes are often increased. 

Data on the LG-hydrolyzing enzyme are very 
limited but are summarized in Figure 4. Although 
in normal serum, activity of this enzyme is ex- 
tremely weak, it was observed to be rather high 
in five of the six cases of liver disease. 

A few observations on the GG-hydrolyzing ac- 
tivity in the serum of patients with liver disease 
indicate that this enzyme activity may be some- 
what decreased, as compared with the normal 
range. 

These results may indicate that the enzymes act- 
ing on GGG and LG appear to be increased in liver 
disease, while those hydrolyzing GTy and GG have 
a tendency to be decreased. 

In three patients with acute infectious hepatitis, 
serial determinations of the serum peptidases were 


ae 


TABLE II 
Peptidase activities in human bile* 


Normal 0.9 Serum 
Bile a Bile b serum +0.1 bile b 
GGG .590 .725 211 .249 
GTy .003 037 .224 .228 
LG 051 .080 137 .134 
GG 171 227 408 


* Two different specimens were used. Specimen b was 
also mixed with a normal serum to test for synergism or 
inhibition. All figures are given as p. Conditions were 
the same as with serum. 


performed. The results are recorded in Figure 5 
and include data on the alkaline phosphatase and 
bilirubin '; they show that with the recovery from 
the disease, ali enzyme activities tend to become 
normal. 

Another patient suffering from stricture of the 
common bile duct and secondary biliary cirrhosis 
showed the expected change of the enzyme ac- 
tivities only during the first week after operation 
(Figure 6). From then on, the trend was actually 
reversed in every instance, including that of the 
alkaline phosphatase. It may be that these data 
indicate irreparable damage to the liver paren- 
chyma. 

The high tripeptidase activity in the serum of 
patients with liver disease raised the question 


1 We are indebted to Dr. M. H. Power for the use of 
these data. 
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whether bile itself may contain this enzyme. 
Table II contains the results of the peptidase test 
on two specimens of bile which were collected 
through a T tube several days after a cholecystec- 
tomy and choledochostomy. The conditions of the 
test were in every respect the same as for serum, 
and the results are also expressed in p. It is in- 
teresting that the tripeptidase activity is very 
much higher than that of the other peptidases and 
that the GTy-splitting activity is especially low. 
This suggests that in cases of obstruction, part of 
the elevated serum tripeptidase has its origin in the 
bile. The objection may be raised that some con- 
stituents in the bile could have an activating ef- 
fect on some, an inactivating effect on other pepti- 
dases. However, a mixture of serum and bile gave 
results which appear to be about equal to the sum 
of the activities of the two constituents when tested 
individually (Table IT). 


SUMMARY 


1. The hydrolytic action of serum on glycylgly- 
cylglycine, L-leucylglycine, glycyl-L-tyrosine (both 
manganese-activated) and glycylglycine (cobalt- 
activated) was studied in a group of normal per- 
sons, in patients with liver disease and in patients 
with a variety of other pathologic conditions. 

2. The greatest changes from the normal range 
were observed in those patients with disease of 
the liver. The activity of the tripeptidase was 
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usually increased. In external hepatic obstruction 
and biliary cirrhosis, this increase appeared to be 
greater than in diseases of the liver parenchyma. 
The hydrolysis of L-leucylglycine, normally of a 
very low rate, was studied only in a few patients ; 
it too appeared to be high in liver disease. In con- 
trast, the hydrolysis of glycyl-L-tyrosine and gly- 
cylglycine showed a tendency to be low in all con- 
ditions affecting the liver. 

3. The enzyme activities were followed in three 
patients with acute infectious hepatitis during the 
initial period of recovery, and a return toward 
normal was generally observed. A similar study 
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was undertaken on two patients who underwent 
operation for obstructive conditions of the bile 
ducts. In one of these neither the peptidases nor 
the alkaline phosphatase returned to normal within 
the period of the study. 

4. The analysis of human bile revealed a high 
tripeptidase activity and a low glycyl-L-tyrosine 
hydrolyzing power. The activities of the other two 
enzymes were intermediate. 
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INTRODUCTION 


A short time after irradiation of the skin with 
ultraviolet light, an erythema develops. The ef- 
fective spectral range has been measured by 
Hausser and Vahle (1, 2) and has been verified by 
Luckiesh, Holladay, and Taylor (3) and Coblentz 
and Stair (4). These investigators are agreed 
that there are two wave length regions of high 
activity with maxima near 297 mp and 250 mg, 
and one of low activity with a minimum near 
280 mu (see Figure 1). They differ, however, in 
their reports of the relative activities of the two 
regions in producing a maximal erythema response. 
Hausser and Vahle (1) found an almost negligible 
activity at 250 mp as compared with that at 297 


my. 


Later (2), however, he noted greater ac- 
tivity at the shorter wave length (see curves 1 and 


2 in Figure 1). Luckiesh, Holladay, and Taylor 
(3) found an almost equal activity for both re- 
gions (Figure 1, curve 3) whereas the findings of 
Coblentz and Stair (4) (Figure 1, curve 4), finally, 
were similar to those of Hausser (2) in 1928. 

According to Mitchell (5), the reason for this 
discrepancy should be sought in the experimental 
difficulties that arise when working with wave 
lengths shorter than 280 mp. The great variability 
in the sensitivity of the skin to ultraviolet light 
mentioned in the literature (6) might also hold 
for the relative sensitivity at different wave lengths 
and in this way provide an explanation for the dis- 
crepancy found by various investigators. 

In an effort to localize the erythematogenous 
processes in the several layers of the skin, we at- 
tacked the problem again by irradiating human 
skin through a quartz spectrograph in order to 
study the responses for the whole spectrum as did 
Hausser and Oehmcke (7) who used the skin of 
bananas. We chose this method because it pro- 
vided an easy means of comparing the erythem- 


atous response of several subjects exposed to 
different wave lengths. 


METHOD 
1. The spectrograph 


For the irradiation of the skin a small {/4.5 quartz 
spectrograph was constructed consisting of a 60° quartz 
prism as described by Cornu and two quartz lenses with 
+ 14 cm. focal length. 

The source of light was a high pressure mercury lamp 
(HP 80 W). To get the highest intensities possible 
the lamp was placed at the entrance slit. Between the 
lamp and the collimator lens we placed a series of seven 
diaphragms. The first of these diaphragms (8 x 0.5 
mm.) was situated at a distance of 5 mm. from the lamp, 
the others successively farther away and of greater 
width to ensure a complete filling of the collimator lens. 
In a like manner five diaphragms were placed between 
the second lens and the place where the spectrum is 
formed in order to avoid as much stray radiation as 
possible. 

At the back of the spectrograph, where the spectrum 
is formed, a quartz object-glass was placed against which 
the skin could be held. 

The casement of the lamp was water cooled and could 
be moved back and forth for the purpose of adjusting 
the sharpness of the spectral lines. This sharpness was 
judged prior to each experiment by means of a fluores- 
cent plate held against the quartz object-glass. The lamp 
operated both on direct and on alternating current. Al- 
though calculated for 80 Watts the lamp could easily be 
used with 2 Amps.—125 V. to get shorter irradiation 
times. In order to avoid overheating, the lamp was 
cooled by a jet of nitrogen from a bomb. Used in this 
way the lamp could operate at 250 Watts for over 20 
hours. 

The dimensions of the whole spectrum formed by the 
spectrograph were 33 X 8 mm. The surface area covered 
by the active part (313 — 248 mu) was 13 mm. long by 
8 mm. wide. The smallness of this area has two ad- 
vantages, first, as several irradiations can be performed 
on a relatively small skin area there is little risk of local 
differences in the sensitivity of the skin, second, even 
heavy doses of ultraviolet light will have no serious 
systemic effect. 
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Fic. 1. Erytuema Action Spectrum as DETERMINED BY OTHER INVESTIGATORS 
Curve 1: Hausser and Vahle, 1921. Curve 2: Hausser, 1928. Curve 3: Luckiesh, 
Holladay, and Taylor, 1930. Curve 4: Coblentz and Stair, 1934. 


at the sites of the active spectral lines. The determina- 
tion of the wave lengths by which the erythema is caused 
is done in the following way. The site of the green 
line of the mercury spectrum with a wave length of 546 
m# and the short wave length end of the spectrum are 
marked with two ink lines on the quartz object glass 
just before placing the skin against it. After the ir- 
radiation, the localization of the spectrum is marked on 
© the arm by reprints of the ink lines. The irradiated skin 

Linear distances of the spectral lines from the 546 mu line i, then outlined with ink. When the erythema has ap- 
et = 7 peared as a red line (8 X 2 mm.) on the skin, the distance 


2. Determination of the active spectral lines 


Irradiation of the skin of the forearm, which is 
lightly pressed against the quartz object-glass at the 
back of the spectrograph, for an appropriate time (one to 
three minutes when the lamp is used with 2 Amps.) leads 
to the development of an erythema, after six to ten hours, 


Line Distance Line Distance —_ of this red line from the site of the 546 mu line—already 

e indicated in ink on the skin—is measured. The linear 
436 3.0 289 18.8 distances of all spectral lines from this 546 ms line have 
405 5.0 280 20.5 
366 8.2 265 23.8 been measured on a photograph of the whole spectrum. 
334 11.9 257 25.7 Table I gives these distances. With these values the wave 
ro 14.9 a as length of the erythematogenous line is found. 
07 un 240 308 The spectral lines by themselves are only 0.5 mm. wide 


but an erythema caused by them is initially 1 mm. wide, 


_ 
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later broadening to approximately 2 mm. At longer 
wave lengths than 302 ms# an erythema has never been 
observed. On normal skin the lines 302 and 297 mu pro- 
voke only one red band with a width of 2mm. This is a 
conspicuous band and as such is used for the most part as 
a wave length reference for the other red lines provoked 
by the shorter wave lengths. Of these the most con- 
stantly observed is that provoked by the line 257 mu 
(this is not strictly a line but a broad band as is seen 
in Figure 2). The 257 mu erythema also occupies a 
space of approximately 2 mm. Besides this erythema, of- 
ten those provoked by the 265 m# and the 248 mu lines 
can be observed when they start to develop. Later on 
these three lines fuse into one broad red patch 5 mm. 


line for total blackness 
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wide, situated at a distance of 5 mm. from the 302 — 
297 ms# erythema. The 253 ms# erythema has not been 
observed separately. 

Curiously enough, in two cases a distinct erythema was 
observed at the site of the 280 ms# line (between the 
302 — 297 mz red patch and that of 265 — 248 mu), where 
the erythematous activity should be very low. In these 
two cases exceptionally high doses had not been used, 
so that an abnormal sensitivity of the skin must have 
existed. This phenomenon has not been studied further. 


3. Evaluation of the spectral response 


We have restricted our attention to a more or less 
quantitative evaluation of the two principal erythematous 


plate transparency line 


97-777 


plate transparency line 


Fic. 2, MiIcROPHOTOMETER REGISTRATIONS OF THE SPECTRUM OF THE Mercury Lamp (2 Amps) 


A: alternating, B: direct current. 


intensity. 


Only the region near 257 mx is significantly different in 
(As both curves are photographic magnifications of the original registrations to 


obtain equal height for equal intensities, the wave length scale has become different.) 
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responses at the wave lengths of maximal activity, viz. 
at 302 — 297 mz and at 265 — 248 maz. 

There are two different ways to judge the effect of 
ultraviolet irradiation cf the skin: (1) by measuring the 
degree of redness for a given irradiation dose or, (2) by 
measuring the irradiation dose which provokes a just- 
perceptible erythema. 

The first of these methods is the less applicable to our 
purpose. An erythema develops slowly and reaches a 
maximum 10 to 14 hours after the irradiation. It is not 
easy to find an irradiation time which produces a maximum 
redness just matching a given color standard. There is 
no linear correlation between irradiation dose and degree 
of redness. Therefore interpolation between two color 
standards of different redness is not accurate. Moreover 
erythematous responses to different wave lengths do not 
change in proportion to identical increases in irradiation 
doses. The longer the wave length, the greater is the 
increase in redness with heavier doses (Hausser [2]). 

For these reasons we chose the second method of com- 
paring the two responses under discussion, viz. by meas- 
uring the irradiation dose which provokes a just-percepti- 
ble erythema. This method is easily performed as will 
be clear from the description in the following section. 

Both methods have been employed for the determina- 
tion of the relative effects of irradiation with light of 
different wave lengths. The first method was used by 
Hausser (Figure 1, curve 2), the second by Coblentz and 
Stair (Figure 1, curve 4), without any great difference 
in result. This agreement may have been due to chance. 

Erythema is the result of the widening of the subepi- 
dermal capillaries, which vary greatly in number per 
unit area of skin. The entire area covered by these capil- 
laries is a relatively small fraction of the total area. The 
color of the skin is determined by a mixture of light re- 
flected from the external surface of the skin and light 
thrown back after refraction in the epidermal cells and 
the subepidermal tissue (8). Part of the refracted light 
passes through the capillaries and the deeper vessels, 
thus giving a reddish component to the color of the skin. 
With erythema only a small fraction of the light is 
changed by the dilated capillaries. The rest of the light 
that determines the color of the skin remains unaffected, 
unless fluid passes through the capillary walls, possibly 
changing the light diffusing properties of the surrounding 
tissues. Especially with more intense erythemata this 
may confuse the issue. 

Accordingly, the only correlation between irradiation 
dose and degree of redness of the skin is an increase in 
the redness with increasing doses, but this increase in 
redness is difficult to calculate. Hausser estimated the 
degree of redness of the 297 and 250 mz erythemata by 
comparing them with pieces of paper colored with differ- 
ent quantities of a red dye. He found that the 297 ms# 
erythema matched a paper containing twice as much dye 
as the paper that matched the 250 mu# erythema (which 
had been produced by the same energy as the 297 ms# 
erythema). His conclusion that irradiation at 297 m# 
induced capillary dilation two times greater than that at 
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250 ms, or that a double stimulus strength had been in 
operation, seems inadmissable. On the other hand, the 
spectral response determined by measuring the minimum 
erythema dose (MED) will be quite different for different 
skins for the reasons stated above. Thus, a priori, it is 
not to be expected that both methods will give the same 
results when used on different skins. 

Therefore, we are of the opinion that the different 
action spectra, found by different investigators, as shown 
in Figure 1, are not due to experimental difficulties en- 
countered with ultraviolet light of short wave lengths 
(Mitchell [5]), but might be physiologically significant. 


4. Determination of the minimal erythema dose 


As has been discussed in the preceding section we de- 
termined the irradiation times necessary to provoke a just 
perceptible erythema with the whole spectrum of the 
spectrograph. The procedure adopted was as follows. 
On the skin of the forearm three or four doses were given 


TABLE Il 


Minimal erythema dose (MED) for the two wave length 
groups: 302-297 mp and 265-248 mp 
(2 Amps.,) 


Irradiation time in seconds 
Time 
elapsed 
since the ~ 60 75 
irradia- 
tion 


hours 


| 
| 


| 
++++4+4+ 


by increasing the duration of the subsequent irradiations. 
From about the fifth hour the irradiated spots were ob- 
served at hourly intervals and developing erythemata 
noted with the following signs : 


— no erythema 

+ reaction uncertain 

+ just perceptible 
++ distinct erythema 


From the complete list of observations the minimum 
erythema dose is easily computed as is shown in Table 
II. 

In this way careful observation every hour makes it 
possible to determine the MED with an accuracy of ap- 
proximately 20 per cent. After some experience two or 
three irradiation doses should suffice to obtain this 
accuracy. 


|| 
| 90 
300 | 250 | 300 250 300 | 250 300 250 
x 
8 
9 
10} 
2 
12} 
13 
14 
23 
| | | | | 


TABLE Il 


Minimal erythema doses (MED) with irradiation* 
using direct or alternating current 


ERYTHEMATOUS RESPONSE OF HUMAN SKIN TO ULTRAVIOLET LIGHT 


Person 
sein | wane | | MED 
Age | Skin tan | current) | 
sex F 
mu Sec. 
1 | none | forearm} 300 79 95 
250 70 70 
2 o | +60 | moderate} fore arm| 300 90 90 
250 300 150 
3 | +25 none fore arm| 300 50 65 
250 50 50 
4 9? 5 | strong | shoulder} 300 180 300 
250 240 420 
12} | shoulder} 300 30 30 
250 60 60 
6 9 11 none shoulder| 300 90 120 
250 150 120 
7} none | shoulder| 300 50 50 
250 90 50 


*The source of irradiation was a lamp operating on 
both direct and alternating current of equal strength 
(2 Amps., 250 Watts). 


5. Mechanical influence on the sensitivity of skin 


Experiments that might show the presence of a photo- 
sensitive substance on the skin were performed by wash- 
ing the skin before irradiation with cotton soaked in 
alcohol or ether, and with brush and soap. These manipu- 
lations caused a distinct increase in the degree of ery- 
thema as compared with the degree of erythema in the 
untreated skin. Even rubbing the skin with a finger for 
some minutes until a distinct redness had appeared showed 
this effect. These experiments demonstrate how vary- 
ing degrees of vasolability may influence the apparent 
sensitivity of the skin. During experiments for deter- 
mining sensitivity, care must be taken, therefore, not to 
irritate the skin mechanically. 


RESULTS AND COMMENT 


Table III shows the result of MED determina- 
tions for seven persons, with the lamp burning 
on direct as well as on alternating current, both 
of equal strength (2 Amps.).! 


1The voltage depended somewhat on the lamp used; 
values from 124 to 132 V have been found. Thus differ- 


ent lamps could consume from 228 to 264 Watts. As each 


experiment was completed with the same lamp, these differ- 
ences of less than 10 per cent from the mean of 246 Watts 
have not been taken into account. 
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As will be seen from the figures of Table III we 
found, as did all other authors, very different val- 
ues for the MED for different persons. This 
statement also holds for the 302 — 297 mp group 
as well as for the other and there is only a very 
slight correlation between both groups. 

Stress should be laid upon the fact that these 
MED values are by no means definitive or char- 
acteristic of these persons, as other values may be 
found at other times. 


Reversal of the MED of the two wave length 
groups with direct current 


When we used the lamp with alternating cur- 
rent—as we did in our first experiments—the 
MED of the 300 my group was always found to 
be shorter in seconds irradiation time than that of 
the 250 mp group. The 300 mp erythema usually 
appeared first and was the strongest for a given 
irradiation time, as is illustrated by subjects 2, 4, 
5, 6, and 7 (Table Ill). But later, when direct 
current was used, a reversal in the time of ap- 
pearance and in the intensity of both erythemata 
was sometimes noted. Subjects 1 and 3 (Table 
III) showed this reversal of the MED with di- 
rect current. With these two individuals the use 
of direct current required a longer irradiation 
time to provoke the 300 mu MED. This reversal 
in the appearance of the two erythemata after ir- 
radiation with direct current had nothing to do 
with a difference in sensitivity to ultraviolet light. 
From subjects 2, 4, 5, 6, and 7 (Table III1), who 
did not show the reversal, subject 5 was more 
sensitive than subjects 1 and 3, who did show the 
reversal, subject 7 had almost the same sensitivity, 
subjects 2, 4, and 6 were less sensitive. 


Comparison of the activity of each wave length 
group for direct and alternating current 


When a certain MED had been found for the 
300 mp group with alternating current it follows 
from the figures of Table III that the MED in 
seconds irradiation time for direct current could 
be longer (subjects 1, 3, 4, and 6) or equal (sub- 
jects 2 and 5) but not shorter. Thus, one may 
conclude that the 300 mp group is more active with 
intermittent light than with continuous light. 

No such rule has been found for the 250 mp 
group. The MED for subjects 2, 6, and 7 was 
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shorter for direct current than for alternating cur- 
rent, equal in subjects 1, 3, and 5, and longer in 
subject 4. Thus no final conclusion can be drawn 
as to the influence of intermittency of irradiated 
light. 

From these observations it seems to follow that 
there is an unmistakable influence exerted by the 
kind of current used, which, in turn, determines 
the type of light produced, intermittent or con- 
tinuous. Before drawing this conclusion, however, 
it is necessary to measure the intensities radiated 
by the lamp with both types of current. It is well 
known that the relative intensities of the spectral 
lines depend on the conditions under which a 
mercury lamp works. 
that our lamp emitted different intensities in the 
two active wave length groups when used with 
direct or with alternating current. In the follow- 
ing paragraphs we have described the experiments 
that were done to clarify this point. 


Thus it could be possible 


The relative intensities of the spectral lines 


In order to measure the intensities of the wave 
lengths emitted by the HP 80 W, the spectrum 
was calibrated photographically in the following 
way. 


The lamp was placed 3 meters in front of the spectro- 
graph. At the original site of the lamp an entrance slit 
2x 0.1 mm. was fitted. Close to the entrance slit a 
shutter device was placed which permitted a range of 
exposure time from 0.01 to 9.00 seconds with an accuracy 
of better than 0.001 second. This shutter device con- 
sisted of an aluminum disk with an adjustable sector 
opening and an automatic shutter rotated by a small 
synchronous motor. The photographic plate (6 X 9 cm.) 
could be moved up and down in the usual manner, so 
that there was ample space on each plate for 14 photo- 
graphs of spectra—each 2 mm. high. Seven spectra— 
each time using a double exposure time—were taken of 
the HP 80 W alternating with seven spectra of an ab- 
solutely calibrated Krefft standard lamp (9), situated at 
the same place as the HP 80 W. The densities of the 
spectra were registered photographically with a micro- 
photometer (type C of Moll, N. V. Kipp & Zonen, Delft). 
An example is given in Figure 2. From these densities 
the intensities of the spectral lines were derived graphi- 
cally in the usual manner. The intensity of the con- 
tinuum was also measured and taken into account. 

This calibration was done for the HP 80 W burning 
on direct current and on alternating current (50 cycles 
per second). First, a possible intermittency effect on the 
photographic plate was studied by taking seven spectra of 
the Krefft lamp burning with 2.0 Amps. direct current 


(for which this lamp had been calibrated) and then by 
taking seven spectra with double exposure times through 
a rotating sector disk giving 50 interruptions per sec- 
ond, each of 0.01 second. On Gevaert Replica 23° S 
an intermittency effect could not be found with certainty 
and thus has not been taken into account. 


Table IV shows the total intensities for several 
spectral lines of the HP 80 W with both direct and 
alternating current. As is seen in Table IV the 
intensities of the lamp burning with alternating 
current are a little lower (mean, 4 per cent) than 
with direct current. Although the accuracy of the 
photographic method is of the order of + 5 to 10 
per cent and thus does not permit a final conclusion, 
this difference of 4 per cent might be significant 
because the lower temperature the lamp will at- 
tain with alternating current falls to zero 100 times 
a second. 

For our purpose the conclusion may be drawn 
that the intensities of the lamp for both types of 
current are the same. This holds also for each 
spectral line, especially those that can provoke an 
erythema (boldface in Table IV) if they have 
sufficient strength. Only the line with wave 
length 257 mp is an exception since it provokes a 
significantly more intense response with direct 
current than with alternating current. This is a 
relatively weak line superposed upon a strong 
continuum of the 253.7 mp line which itself shows 


TABLE IV 


Total intensities (line plus continuum) of the high pressure 
mercury lamp—HP 80 W (Philips)* 


Total intensity 


Wave 

length Direct Alternating Difference 
mu mW /sterad mW /sterad % 
578 896 905 
546 1025 954 +7 
436 755 705 +7 
408 76 72 + 5 
405 386 366 + 5 
366 945 957 
334 85 80 + 6 
313 552 528 + 4 
302 240 237 
297 159 154 + 3 
289 68 60 0 
280 90 84 +7 
265 176 180 ~ 2 
257 85 72 +15 
253 72 68 + 6 
248 69 64 +7 


* This lamp burned with 2.0 Amps. direct and alter- 
nating current. The lines with strong erythematous ac- 
tivity are printed in boldface. 
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TABLE 


Minimal erythema dose calculated on basis of 
radiation intensity and time 


| Minimal erythema | 
| dose 
Sensitivity 


mW //sterad X Alter- 
| Spec- | seconds nating 
Person} tral | current 
| line direct | 
Alter | current Alter- 
| Direct } | Direct 
| current | cuttent 
my | % 
, 297 | 1080 | 1500 | 0.72 | 1.14 | 1.13 
257, S04. 594 | 0.85 1.96 1.91 
| 297 | 1380 1430) 097) 0.80 1.19 
. 257 | 2160 1280 1.69 0.46 0.88 
297 | 770 | 1020 | 0.76 1.60 1.66 
; 257 360 | 425 | 0.85 | 2.74 2.66 
4 297, | 2770) 4760 | 0.85 | 044 | 0.36 
257 | 1730 | 3600) 047 | 0.57) 0.31 
5 207, | 4600) 4760.97 2.67 3.56 
. 57 | 432 | 510 0.85 2.29 aoe 
6 | 207 1380 | 1900 | 0.73 | 0.89 0.89 
257. 1080, | «1.06 092 1.41 
7 | 297 | 770 | 793 | 097 | 160 | 2.14 
257 | 647 | 425 ) 1.52 1.53 2.66 
complete self-reversal in the HP 80 W. As can 


be seen directly from the photographic registra- 
tions of the spectra of this lamp (Figure 2) the 
only real difference is just this continuum of line 
253.7 mp, which compared with the sharp edge at 
253 mp is much more pronounced with direct than 
with alternating current. 

Thus when the light of the lamp is irradiated 
through the spectrograph on the skin no difference 
is to be expected for the erythematous activity of 
the lines 302 — 297 mp with either current. But 
for the group near 257 mp a somewhat higher 
activity might be found with direct current. 


The relative energy of the spectral lines falling on 
the skin 

No attempt has been made to measure accurately 
the absolute intensities of the light falling on the 
skin. 
man skin makes such measurements of little value 
(10). Coblentz and Stair (4) indicated a value 
of 50.10 ergs per cm.’ at a wave length of 297 mp 


The great variability in sensitivity of hu- 


for untanned skin to provoke a just perceptible 
erythema. Hausser and Gauer (11) found 36.10! 
ergs per cm.*, Luckiesh, Holladay, and Taylor (3) 
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43.10! ergs per cm.*, the Council on Physical Ther- 
apy proposed 18.10* ergs per (10). A rough 
estimation yielded under our conditions values not 
far from that of Coblentz and Stair (4) but the 
light was falling onto the skin at a sharp angle. 
Thus with perpendicular irradiation a lower value 
would have been found. 

For these reascns we have refrained from in- 
troducing an absolute value for the irradiation 
doses in our calculations. 
ferred to multiply the 
Table Il] with the 
This can be done in two ways. 

The first method is to take both erythemata as 
a whole, then multiply the sum of the intensities 
for the wave lengths 302 and 297 my and the sum 
of the intensities of the wave lengths 265, 257, 253 


Instead we have pre- 
irradiation from 


IV. 


times 


intensities from Table 


and 248 mp with their respective irradiation times. 

The second method is to use the wave lengths 
297 and 257 myp as representative of both erythem- 
ata and, therefore, multiply only the intensities 
of these two wave lengths with the irradiation 
doses. 

This second way has been chosen for the figures 
shown in Table Vo (third and fourth columns). 
Table V afford a more correct 
basis for judging the spectral response of the skin 
than those of 


The values in 


Table II], as the former are then 
made independent of differences in the distribution 
of energy radiated by the lamp. This is especially 
true for the 257 mp wave length, where the lamp 
differs significantly when used with the two types 
of current, making judgment of the spectral re- 
sponse difficult for the values in Table IIT. 


Intermittency effect 


Table VI shows the mean values of the MED 
found in Table V for the two wave lengths con- 
sidered and for both types of current used. Table 
VII represents the analogous values but calculated 


TABLE VI 


Minimal erythema dose 


Inter Contin 
Wave mittent uous 
length light light Difference 
Sec. sec % 
297 1230 1697 38 
257 988 1131 14.5 


t 
| 
t 
| 
Mean values for minimal erythema dose (Table 11) : 


FABLE VII 


Mean values for the MED, calculated with the sum of the 
intensities of all participating spectral lines 


Intermittent Continuous 
Wave length light light 


302 297 mu 
265 248 mp 


Difference 


3134 4280 37% 
5261 é 


by following the first way as is indicated in the pre- 
ceding paragraph. Thus for the values in Table 
VII, the sum of the intensities of the 302 — 297 
my lines and the sum of the intensities of the lines 
265, 257, 253 and 248 mp were used. 

From the figures of Table VI and VII, it is clear 
that no significant difference exists between the 
average MED for the 250 mp erythema with in- 
termittent or with continuous light. 

But the difference in the MED for the 300 mp 
group ts significantly higher with continuous than 
with intermittent light. This difference is 37 to 
38 per cent, which sharply exceeds the error of 
+ 26 per cent in the determination of the indi- 
vidual MED. The accuracy in the determination 
of the mean MED will certainly be lower than 20 
per cent, as is shown by the differences in the 
MED for the 250 mp erythema in Tables VI and 

Therefore, even if the considerations mentioned 
earlier do not permit us to draw a definite con- 
clusion, the values of Tables VI and VII estab- 
lish undeniably the influence of intermittent light 
in provoking the 300 my erythema: continuous 
light requires greater energy and is, therefore, 
less active for this wave length group than inter- 
mittent light. 

This effect is absent in the 250 mp group. 
Therefore the erythematogenous processes of both 
wave length groups must be different. 


Independence of erythematous responses to both 
wave length groups 


The fifth column of Table V shows a comparison 
of the MED values for intermittent and continuous 
light for each person and for both wave length 
groups. A figure lower than 1 indicates that a 
smaller amount of energy is needed to provoke the 
just-perceptible erythema using intermittent light 
than that needed with continuous light. For the 
297 mp erythema all the figures are lower than 1, 
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in accordance with the conclusion drawn in the 
preceding paragraph. For the 250 mp erythema 
four figures are lower and three higher than 1, 
thus confirming the absence of a distinct inter- 
mittency effect. 

In general, the values of the fifth column (Table 
V) are rather variable for different persons. This 
variability supports the conclusion drawn above 
that the processes leading finally to an erythema 
must be independent of each other for both wave 
length groups. 


Sensitivity of the skin for both wave length groups 


The last two columns in Table V show the sen- 
sitivities of the seven persons studied. These sen- 
sitivities have been calculated by dividing the mean 
values of the MED given in Table VI by those 
from columns 2 and 3in Table V. A figure higher 
than 1 indicates a higher sensitivity than the mean 


TABLE VIII 
Sensitivity limits found for the seven persons from Table V 


Wave length Intermittent Continuous 


group light light 
300 my 0.44-2.67 0.36-3.56 
250 mu 0.46-2.74 0.312.066 
both groups 0.44 2.74 0.31-3.56 


of these seven persons, a figure lower than 1 the 
reverse. In Table VIII the sensitivity limits found 
have been collected. 

The sensitivity limits are of the order of 43-3 
times the mean, Our experience over a period of 
years with a total of some 25 persons for whom 
the MED has been determined with only inter- 
mittent light or for only one wave length group, 
has given us the impression that the figures in 
Table VIIT may be considered to be the limits of 
normal sensitivity. A distinct abnormal  sensi- 
tivity was determined at one time for a person who 
showed the 297 mp erythema in approximately 
1/50 of the normal time. 

Of course statistical compilation of much more 
material than is given here will be necessary to 
settle correctly the problem of normal sensitivity 
for the different wave lengths that can provoke an 


ervthema. It is clear that such a determination 


will make it possible to ascertain pathological devi- 
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ations and will offer new possibilities for their 
better diagnosis. 


SUMMARY 


A simple method has been described to deter- 
mine the erythematous response of skin to mono- 
chromatic radiation. 

The result of measurements for the two main 
erythemata, 


those provoked by the wave 
lengths 297 and 257 my, indicates the minimum 


irradiation doses needed to cause these erythemata 
to be mutually independent. 

An undeniable effect of the intermittency of the 
light used for the irradiation has, moreover, been 
found for the 297 myp erythema alone. 

The drawn that the 
processes leading to both erythemata must be 
different. 


conclusion therefore 


The variability in sensitivity of human skin has 
been found to be as great for irradiations with 
250 mp as for those with 297 my. 
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PROGRAMS — ABSTRACTS 


of the 
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for using 


1. ANTI-GRAM-NEGATIVE AND ANTI-GRAM-POSITIVE 
Combines the bactericidal activity of *Aerosporin’® Sulfate Poly- 
myxin B Sulfate against gram-negative bacilli with that of bacitracin 
against gram-positive organisms.!:? Their effects are completely 
additive.* 

2. ANTI-PSEUDOMONAS 

“Aerosporin’ is the most effective therapeutic agent known against 
?seudomonas (pyocyaneus).®© Pseudomonas organisms commonly gain 

access to skin and lesions from the air and occasionally from instru- 
ments, dressings and drug solutions.’ 

3. MINIMAL SENSITIZATION 

“Aerosporin’ and bacitracin have low indices of allergenicity; an im- 

portant advantage over penicillin, streptomycin, and sulfonamides. °° 

4. NO DAMAGE TO TISSUES 

In concentrations used locally the antibiotics do not damage tissue 

or blood cells —compare this with the effects of chemical antisepties. 7:5 

5. NEGLIGIBLE ABSORPTION 

Systemic absorption of ‘Aerosporin’ or bacitracin from intact: skin, 

mucous membranes, or lesions of either is practically nil.o% 

6. RAPID DRUG RELEASE FROM BASE 

Non-aqueous base readily gives up the antibiotics to skin and tissue 

fluids. Absence of water from the base insures stability of the anti- 

bioties. 4 

7. SPARING GENERAL ANTIBIOTIC SENSITIZATION 

Use of rarely-sensitizing ‘Aerosporin’ and bacitracin for local lesions 

avoids possible sensitization to penicillin, streptomycin, or the broad- 

spectrum antibiotics, thus leaving the patient responsive to them in 

case of serious systemic infection. 

8. PROPHYLACTIC VALUE 


To protect burns, skin grafts, and other lesions from contamination 
by practically all bacterial pathogens, particularly Pseudomonas, 
Prevention of infection probably shorteas healing time and reduces 
incidence of fever and inflammation.’ 


‘POLYSPORIN’™® Polymyxin B — Bacitracin Ointment 
Available in Yo oz. and 1 oz. tubes and \. oz. ophthalmic tubes 


200d reasons 


‘POLYSPORIN” 


POLYMYXIN B—BACITRACIN OINTMENT 
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Angiocardiography with Diodrast 
70-per cent solution — 

whether by means of intravenous 
injection or by the technic 

of intracardiac catheterization — 
is now a well standardized 

and often immensely 


helpful procedure. 


Ampuls of. 20 ce. aed: 50 ce. 


Specific instances in which ; 
it may be of unsurpassed diagnostic 
value are congenital lesions 

such as patent ductus arteriosus, 
tetralogy of Fallot, coarctation 

of the aorta, patent foramen ovale, 
dextrocardia, etc.; aneurysms, 
mediastinal lesions 

and chronic pericarditis. 


New 18, N.Y. Winosor, Onr. 


Diedrast, trademark reg. U. 8. & Canada, brand of iedopyracet 
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what used to take days 


To fully appreciate the significance of Autotechnicon's 
automatic processing, one needs only recall the tissue-processing 
practices in the pathologic laboratory prior to its introduction. 
Ten, twenty (or many more) containers of reagents spread 
along a table, over which a technician wearily presided, 

hour after hour, shifting tissues from one solution to another. 
The slow pace of the procedure was matched only 

by the uncertainty of the result. 

By contrast, brisk overnight service is routine in today's 
Autotechnicon-equipped laboratory. Finished tissues 

are ready within short hours of surgery. Processing is 
completely mechanized . . . requires no human intervention 
or supervision. Results are predictably uniform; 

every step at every stage is strictly governed, 

timed to hairbreadth precision. 


is now done in hours by the 


nicon 


every phase of tissue processing automatically . . . 
fixation, washing, dehydration, infiltration, staining 


THE TECHNICON COMPANY, 215 East 149 Street, New York 51, N. Y. 
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select... 
Inject. 
Stera ject 


wherever 


you go 


Single-dose disposable 

Steraject cartridges equipped with | 
sterile foil-wrapped needles for use 
with the Pfizer Steraject syringe. 
Makes immediately available such 
widely used antibiotic feemulations 
as... 


Steraject Pe ‘cillin G Procaine 
Crystalline in Aqueous Suspension 
(300,000 units, 600,000 units and 
1,000 {000 units 
Steraject Permapen* Aqueous 
Suspension “(600, 000 units DBED 
penicillin). 


Steraject Permapen Fortified 
Aqueous Suspension (300,000 units 
DBED penicillin and 300,000 units 

_ procaine penicillin) 
Steraject. Combiotic® Aqueous 
“Suspension (400,000 units procaine 
penicillin and 0.5 Gm. 
dihydrostreptomycin) 


‘Steraject: Streptomycin Sulfate 
Solution (1 Gm.) : 


Steraject Dihydrostreptomycin 
Sulfate Solution (1 Gm.) 
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